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Vagaries of the summer monsoon rains
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ABSTRACT

Das PK 1999. Vagaries of the summer monsoon rains. Palacobotanist 48(1) : 1-6.

Summer monsoonal rains are very important for the agriculture in our country. Fluctuations in monsoonal
performance often create wide variations in crop production. In the present paper, the predictability of
monsoon rains in the context of Professor Lorenz’s recent work has been discussed. Variations in sea-
surface temperature and snow cover and their impact on monsoonal rains are also discussed. Recent work
on, the ENSO event and monsoons is described. The article covers the statistical methods for long range
prediction of rains. The limitations of the current 16 parameter regression equation are mentioned. In con-
clusion the cost benefits, which can be assessed by methods based on probability are discussed.

Key-words— ENSO, ELNINO, Monsoonal rains, Monsoon prediction, India.
BN
WA AAGH a9l # e
@.%. T

AoTFE A au g 2w # F Tl oAl & MU S wew@yel & | HgA
AR g e S e IO @ A 81 a9 9§ Ol e % Sfra oy &
ded § Al gl & qErgAe & g § w= A w2 99 g & aeH e q e
& G a9 W OGS did 9E WX SR S| T ¢ | 8.09.UH.G. HEAl qun "gA & Sfedd
ol Rt #1 o off 2| oy o F Fea 31 o A il W A aw $ Q@igae & e sty

TEfd & W g T 2 quT 38 oY W adq 16 TEd SieshHe GHiEel d SEistl ) g9 S
T B MRt wey TE oY 99 % ofd H ari e @ wel TS 8, R uiear @ Rt F

SR Y M e ST awa 2

INTRODUCTION

Iam grateful to the authorities of the Birbal Sahni Institute
of Palaeobotany for inviting me to deliver the Sir Albert
Charles Seward Memorial lecture. Sir Charles was an emi-
nent scientist and Professor Birbal Sahni, his beloved stu-
dent, was a very distinguished scientist of our country whose
work helped our country to develop the science of Palaeobotany.
1 feel greatly honoured 10 speak on an occasion that is closely
assoctated with the memories of two distinguished scientists.

Monsoonal winds are indistinct print by differences in
the response of land and ocean to solar radiation. The land

responds much faster than the ocean and, as a consequence,
broad currents of air blow towards the land from the ocean
around the summer solstice. During the winter solstice this is
reversed and the winds flow from the land towards the ocean.
The former results in the summer monsoon while the latter is
the winter monsoon (Das, 1995). The two monsoons are illus-
trated in Text-figures [ and 2 and as shown in these two fig-
ures, both the monsoons are extensions of trade winds from
(a) the southern hemisphere in summer and (b) the northern
hemisphere in winter. The zone separating these two trade
winds is referred to as the Inter Tropical Convergence Zone
(ITCZ). For us the important question is their prediction. Can
we predict, for example, their time of arrival in India, or their
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Seasonal surface wind flow in the Indian Ocean. The thickness of the arrows are proportional to the force of the wind.

FIG .1

Text-tigure I—Summer Monsoon Surface Winds.

performance in terms of rainfall 7 As the summer monsoon is
the larger system. we will focus our attention on this system.
Unless otherwise stated. the monsoon will hereafter mean the
summer monsoon.

PROFESSOR LORENZ’S WORK ON
PREDICTABILITY

Over threc decades ago, Professor E.N. Lorenz, an emi-
nent meteorologist at the Massachusetts Institute of Technol-
ogy (MIT). was able (o show that the upper limit of predict-
ability for the atmosphere was about two weeks (Lorenz,
1993). In any dissipative system, such as the atmosphere, the
solutions of the relevant system of equations can be repre-
sented by trajectories in phase space. The phase space is de-
fined by the independent variables, thatis, by X, Y and Z in a
three dimensional cartesian system. The trajectories often re-
main confined in space. such as. a circle or an ellipse, which
eventually, converges to a point. This is called an “attractor”
for the system. Professor Lorenz showed that the equations
for weather prediction possessed a set of two attractors and
the trajectories in phase space tended to converge towards the
first attractor and, later, towards the second attractor. This he
defined as a system of “strange attractors” which implied,
among pther things, great sensitivity (o the initial conditions
with which we start computing the sequence of weather. Con-
sidering these aspects, Professor Lorenz estimated a maxi-
mum of about two weeks for short range weather prediction,
if the best possible data were available 10 define the initial
state. In reality. the maximum time for meaningful weather
prediction today varies from 3 to 5 days.

From the Indian Ocean Aflas, 1976.

FIG. 2.

Text-figure 2—Winter Monsoon Surface Winds.

Professor Lorenz was mainly concerned with short range
prediction. A little after his work, Protessor Jule Charney,
another very eminent Professor of Metcorology at MIT put
forth anew idea. He felt that there were certain types of weather
systems that were driven by slow variations at the earth’s sur-
face. Examples of such variations were fluctuations in sea
surface temperature (SST), snow cover and soil moisture.
Longer range prediction of weather systems, which were domi-
nated by a driving force of this nature was possible, felt Pro-
fessor Charney. As we shall see this assertion was very rel-
evant for long term prediction of monsoon rains (Charney &
Shukla, 1981).

A question that is now of much interest is the possibility
of an attractor for climate. The variability of climate. which is
often seen in the sequence of ice ages and interglacial periods
or in the formation of deserts over land which was once fer-
tile. leads one to question whether an attractor does exist?
More specifically, we need to know if we are moving towards
a stubler climate in the years to come and the existence of an
attractor will help us to answer these questions.

THE EL NINO AND ENSO EVENTS

Professor Charney's ideas about climate changes forced
by slow changes at the carth's surface have been substantiated
by the recent discovery of a sudden change in sea surface tem-
perature (SST). The “El Nino™ refers to a sudden increase in
SST in the coastal waters off Peru. El Nino is a Spanish word
which means ‘the male child’, while a ‘female child" is “La
Nina™. The abnormally high temperatures have disasterous
effects on the Peruvian fisheries. The sudden appearance of
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warm waters off Peru was first reported in 1891 by Dr Luis
Canenza who was the President of the Geographical Society

of Peru. In normal or La Nina years, the coastal waters off

Peru are cold because of strong upwelling, which brings up
the colder waters from the decper parts of the ocean. The
upwelled water also bring up plankton on which the fishes
thrive. But. once in a while the trade winds above the sea sur-
face are weuk and hence there is no upwelling or plankton for
the fish, and warm water appears oft the coast. The frequency
of an El Nino varies from 2 1o 7 ycars. As the EI Nino appears
around the time of Christmas, it is often referred to as the
“Child Christ™.

The sudden appecarance of warm waters oft Peru is closcly
linked to another important meteorological event that is re-
ferred to as the Southern Oscillation (SO). This was discov-
cred by Sir Gilbert Walker in 1920—an eminent mathemati-
cian who noted a see saw pattern of fluctuations in pressure
between the Pacitic and the Indian Ocean. When the pressure
was high over the southern Pacific. it was tow over the Indian
Ocean. But, oncc every few years there was a reversal. When
this happened, higher pressures prevailed over the Indian
Occan and the pressures were low over the Southern Pacific.
Sir Gilbert called this the Southern Oscillation (SO).

Later, Sir Gilbert discovered two more similar oscilla-
tions over the North Atlantic and the North Pacific Oceans.
The North Atlantic Oscillation (NAO) was murked by peri-
odic reversals in pressure between a centre of high pressure
over Azores and a low pressure zone centred over fceland.
This oscillation is often associated with variations in tempera-
ture over Europe, especially in winter. The North Pacific Os-
cillation (NPO), on the other hand, is another see-saw patlern
of pressure variations between a high pressure centrc over
northern Pacific and a tow over the Alevtian Islands. It is
closely linked to variations in temperature over North America.

Of these threc oscillations the one that i1s important for
India is the Southern Oscillation. As the rainfall varies in-
versely with surface pressurc, so a poor or indifferent monsoon
could be expected when surface pressures were higher over
the Indian Ocean. On the other hand, low pressures over the
Indian Ocean presage a good monsoon. A Southern Oscilla-
tion Index (SOI) is used for monsoon prediction. This is a
measure of the difference in surface pressure between Tahiti,
an island in French Polynesia, and Port Darwin in northern
Australia. The former represents the Southern Pacific while

the latter stands for the [ndian Ocean. A ncgative value of

SOl is indicative of a poor monsoon.

[n the late fifties. DrJacob Bjerknes, who belonged 1o a
family of great Norwegian meteorologists, noticed a coinci-
dence between the Southern Oscillation and the El Nino. This
was during the International Geophysical Year (IGY). This
discovery made a great impact on meteorologists and oceu-
nographers because it suggested “teleconnections’ between
meteorological events that were separated by great distances.
A combination of the EI Nino (EN) and the Southern Oscilla-
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Text-figure 3—The Southern Oscitlation during June, July and August. (a)
pressures and (b) rainfall. Sohd lines represent Correlation Co-celficrents
with the Southern Oscillation Index (SOI) (from Walker & Bliss, 1932).

tion (SO) is now referred to as an ENSO event (Text-figure.
3). The exact mechanisms leading to an ENSO event are still
being debated.

Unfortunately, observations in India do not indicate a very
well defined correspondence between a negative SOI, an
ENSO event. and a deficient monsoon. A deficiency in
monsoonal rainfall was associated with an ENSO event in only
60% of the cases. Table | presents seven cases when a rainfall
deficicney was linked with an ENSO event.

Values of the Southern Oscillation Index (SOI) were ob-

Table 1—Deficient monsoons linked with an ENSO event
(1901-1960).

S.N. Year Monsoon rainfall as SOI (mb)
% of LPAV
l. 1905 33 -5.0
2. 1911 85 -4.0
3. | 1918 75 5.0
4. 1925 97 -5.0
3. 1939 91 -4.9
6. 1941 87 -4.9
7.1 1957 08 25
8. 1987 82 -2.0

LPAV : Long period average value (Source : 1.Met.D. records).
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Table 2—Non-concurrent ENSO and rainfall deficiency.

S.N. Year Monsoon rainfall as SOI (mb)
% of LPAV
l. 1951 81 -2.5
2. 1953 110 -2.0
3. 1965 82 -2.0
4, 1972 76 -2.5
3. 1982 85 +2.2
6. 1986 g7 -1.0

LPAYV : Long period average value for the country as a whole.

tained from graphs provided by Hastenrath (1996). The SOI
values shown above are departures from a mean value of -2.8
mb for the period 1951-1980. The interesting feature here is
the large negative values of SOI for each ENSO event.

In Table 2 we present six cases of rainfall deficiency,
with a negative SOI, that were not associated with an ENSO
event.

Compared to the values in Table 1, the SOI values in the
above table are smaller, but negative SOI values do occur even
when there is no ENSO event. Even when the monsoon is
normal, as in 1953, a negative SOI can occur. But, as stated

30

20

10

earlier, large negative values precede a deficient monsoon in
about 60% cases.

How predictable is an ENSO event? With the help of
atmosphere-ocean coupled models, it is now possible to pre-
dict the arrival of an El Nino several months ahead of the
event. But, there is a sudden fall in predictability after 10
months. The reasons for the loss in predictability is not yet
well understood (CLIVAR, WMO, 1992).

The irregular periodicity of the El Nino is another prob-
lem on which researches are currently in progress. Mathemati-
cal models have been able to show that the appearance of
warm coastal waters is possible with a periodicity of 5 years
over the eastern and central Pacific, but its appearance with a
variable frequency is not well understood. We know that the
El Nino appears with a weakening of the trade winds leading
to the absence of coastal upwelling, but more research is
needed to explain why the trade winds should suddenly
weaken.

GENERAL CHARACTERISTICS OF
MONSOON RAINS

The time sertes of monsoon rainfall over the country as a
whole from 1875 to 1996 is illustrated in Text-figure 4. A few
interesting features of this figure are : (a) the period 1921 to
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Text-figure 4—Time Series of Monsoon rainfall. Dotted lines indicate deviations of +10% {rom mean. Another +4% is added 10 account for moddemors.
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1940 was one of normal rainfall, if one considers a departure
within £10% to be within the normal range of variability; (b)
the years between 1986-1988 saw a peviod of rapid fluctua-
tion from large deficiency to an excess or abundant rain and
(c) the last 10 years, that is, from 1988 to 1998 have again
been one of normal rainfall. The point that emerges is that the
rainfall time series consists of fairly long periods of normal
rainfall, with short periods of rapid fluctuations.

The average rainfall for the country is 851.3 mm, but
during 1986. 1987 and 1988 it was 786, 707 and 1018 mm
respectively, while 1987 was an EI Nino year 1986 was not,
but the SOI was negative in both years.

A factor which controls the overall deficiency or excess
of rainfall is the timely arrival and withdrawal of the monsoon.
In 1986 the monsoon arrival was delayed by 4-5 days over
most parts of the country, but its date of withdrawal was nor-
mal. In 1987, the northward advance of the monoon was ab-
normally delayed. Some parts of northwest India received
monsoonal rains after a delay of nearly one month. The net
result was a rainfall deficiency of 18% for the country, but it
was -46% for northwest India. These figures indicate the rapid
variations of the monsoonal rains in both space and time. A
detailed spectral analysis of these fluctuations has not yet been
undertaken, but this could yield results of considerable interest.

HIMALAYAN SNOW COVER AND THE
MONSOON

Changes in Himalayan snow cover provide another ex-
ample of low frequency changes at the earth’s surface. It is
one of the parameters currently used for long range prediction
of summer rains over the country. Recent studies carried out
by Groisman et al. (1994) suggest the existence of a negative
correlation of —-0.58 between the extent of snow cover and the
Southern Oscillation Index (SOI). The correlation co-efficient
is statistically significant. It implies that the snow cover is
larger for years of rainfall deficiency. This has been observed
for the prominent EI Nino years in recent times.

Our data on the variation of snow cover on a time scale
is not yet adequate. The impact of an increase in snow cover
on the radiative balance of the earth-atmosphere system. es-
pecially on the formation of connective clouds over a snow
covered region needs more research. The aerosol content of
the atmosphere is yet another topic of interest, because clouds
and aerosols represent two areas over which there is much
uncertainty about their role in climate change.

STATISTICAL METHODS FOR LONG
RANGE PREDICTION
Regression equations

Several stavtstical methods have been employed in the
past to anticipate the performance of monsoonal rains, espe-

cially in the context of floods and droughts. Mention must be
made of the pioneering work of Sir Gilbert Walker in the early
part of this century. He developed regression equations with
different predictors to compute the rainfall. His predictors were
essentially independent of each other, and his forecasts were
for (a) the northwestern sector of India and (b) the Indian pe-
ninsula. These two sectors were chosen because the variabil-
ity of rainfall was largest over these two sectors. The variabil-
ity of rainfall is measured by the ratio of standard deviation to
the mean rainfall, which is expressed as a percentage. Ol the
early Indian scientists, we may mention the work of Professor
P.C. Mahalanobis, who used a regression equation to forecast
floods in Orissa (Das, 1995).

Currently, the prediction of summer monsoon rains (Y)
is achieved by the following type of regression equation

I6 p,
Y=a,+2a (x)+R
]

Where p, is the power to which each predictor (x ) is
raised and R stands for the residual or the unexplained vari-
ance of the predictand (Y). The constants a,and a_are chosen
in a manner which minimises R.

A wide variety of prediclors are used. A detailed hst of
predictors is available in Das (1995), or in an article by
Srivastava and Singh (1993). The predictors are antecedent
features of the atmospheric circulation before the monsoon’s
arrival. They may be grouped under three heads : (a) pres-
sures, (b) winds and temperatures and (c) snow cover and the
Southern Oscillation Index (SOI).

According to me there are five reservations with this ap-
proach :

(a) The entire country cannot be used as a single unit for
rainfall prediction, because the distribution of monsoonal
rains is region specific. For example, the droughts over
Orissa and parts of Rajasthan in 1998 could not be cap-
tured by a regression equation for the whole country. For
this reason, Sir Gilbert Walker used regression equations
only for northwest India and the peninsula, where the
variability of rainfall was largest.

(b) The limits of tolerance are too large. For example, any
rainfall deviation within £10% of the mean value is within
normal variation. [n addition another +4% of departures
from normal are ignored because that is considered to be
due to model errors. Thus, all variations within £14% of
the normal value are ignored. With such large tolerance
the rainfall will be treated as normal on 75% of the rain-
fall time series. As mentioned earlier, the time series
shows a prolonged spell of 19 years from 1921 o 1940
when the summer rains were normal (Sen Roy. 1990).
This will not be the case if the tolerance limits were low-
ered.
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(c) The predictors. especially pressures and temperatures,
are not independent of each other. In developing a re-
gression equation. the independence of the predictors
should be ensured.

(d) The number of predictors is too large. Professor Lorenz
(1956) had earlier pointed out that a large number of pre-
dictors could create difficulties because the influence of
one could be off-set by others.

(e) The relative importance of each predictor could be as-
sessed by computing how much of the total variance of
Y is explained by each. If this was done, then the total
number of predictors could be reduced by combining
those which explain the largest variance of the predictand
(Y).

Currently. experiments are in progress with other predic-
tion models. especially autoregressive models (ARIMA). The
results will be awaited with much interest.

Probability Forecasts

A number of probability forecasts of rainfall are now
being devised, but they are still in a research mode.

The methods hinge on the concepts of Principal Compo-
nents (Preisendorfer, 1988). A vector space X is defined by

K=1

Where the co-efficients a, are the Principal Components
and e, are the normalised eigenvectors of the cross covariance
matrix of X, I the field is a time series of rainfall at different
locations. then the Principal Components (PCs) tell us how
much of the total variance 1s explained by each PC.

There are different procedures for finding out how much
ol the Principal Components consist of a “signal’ and how
much is “noise” (Steyaert ¢s «l.. 1977). In general, a PC 1o be
treated as real must explain at least 5 to 10% of the variance
of the raw time series. The selected PCs are then used to re-
construct a predicted rainfall pattern. As stated earlier, this
along with other techniques are still in research mode, but
they do point to the importance of long range prediction of
monsoon rainfall in our country.

SUMMARY AND CONCLUSIONS

The main conclusions of the present study may be sum-
marised as follows :
(i) The total monsoon rainfall does show some correlation
with the ENSO event. A rainfall deficiency is noted in

about 60% of ENSO events.

(i) There are occasions when a rainfall deficiency is not
concurrent with an ENSO event.

(iti) The exact mechanism or mechanisms that lead to an
ENSO event are not yet clear.

(iv) Long range predictions of monsoon rainfall with a re-
gression equation, which uses 16 predictors and in which
each predictor is raised to a power, has several limita-
tions.

(v) Experiments with an autoregressive model with several
leading indicators, or probablistic forecasts with Princi-
pal Components is suggested.

Acknowledgement - | wn indebted 10 Dr R.R. Kethar Additional
Director General of Meteorology, currently looking after the duties
of the Director General, for useful discussions regarding the ENSO
evenus. Mr K. Ganr kindly assisted me by typing the manuscript.
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ABSTRACT

Upadhyay R, Chandra R, Rai H.Jha N, Chandra S, Kar RK & Sinha Anshu K 1999, First find of the
Early Permian Lower Gondwana plant remains and palynomorphs from the Chhongtlash Formation (Upper
Shyok valley), eastern Karakoram, India. Palacobotanist 48(1): 7-18.

A sedimentary sequence mainly consists of black shale, siltstone, calcareous sandstone and dark
argillaceous limestone overlying a pillow lava and thinly bedded limestone of the Chhongtash Formation
near Chhongtash locality (Upper Shyok valley, eastern Karakoram, India) contains abundant, but poorly
preserved plant fossils and palynomorphs probably referable to the Early Permian or Late Asselian (~273
Ma) interval. The plant fossils and associated palynological assemblages of eastern Karakoram show a
marked similarity to the marine Lower Gondwana assemblages of the Salt Range and Talchir-Karharbari
assemblages of Central India. Based on the present discovery it is suggested that, before the accretion of
Cimmerian microplates to the Eurasian continent, the Karakoram microplate in its incipient state was not far
{rom the Salt Range and located along the northern margin of the Indian subcontinent as Peri-Gondwanan
microplate.

Key-words—Lower Gondwana, Plant fossils. Early Permian. Chhongtash Formation. India.
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INTRODUCTION

he Karakoram, situated in the very heart of Central Asian

hightands is a ~800 km long and ~150 km wide tectonic
terranc and occupies an intermediate position between north
Pamir and northwestern Tibet (Searle, 1991; Gaetani, 1997:
Sinha er al.. 1999) (Text-figure 1). The Karakoram terrane
also lies along a critical geological juncture immediately to
the north of the two major suture zones - the Shyok and Indus
sutures, that mark the closing of Tethys ocean and the colli-
sion of India with Asia around ~50 Myr ago (Searle, 1991;
Upadhyay & Sinha. 1998: Sinha et al., 1999). Since the colli-
sion, mountain building processes have been operative and
are still ongoing both in the Himataya o the south and in the
Karakoram to the north. All the mountain ranges in the north
and east. including the northern Pamirs, the Tien Shan and
Kun Lun (Text-{igure 1) show evidence of major
Palacozoic orogenies, although they have all been strongly
reactivated during India-Asia colliston (Dewey er al., 1988,
Searle, 1991).

Decades after the initial geological reconnaissance (De
Terra. 1932: Dainelli, 1933: Norin, 1946), the eastern
Karakoram was visited by Gergan and Pant (1983), Bagati e/
al. (1994), and Sinha er al.. (1999). However, geological in-
formation describing different aspects of the castern
Karakoram region is still in an initial stage. There are major
gaps in the stratigraphic column and information is needed 1o
explain the structure and tectonics, tectono-sedimentary evo-
lution, localization of economic deposits, prospecting of
petroliferous basins and palacogeographic reconstruction of
the Karakoram. Up to date major mformation to understand
the concept of Karakoram have been arrived from the north-
western sector of Karakoram in Pakistan (Desio, 1974; Searle,
1991; Gaetani, 1997). Based on these studies, the Karakoram
has been suspected to be one among the most significant Peri-
Gondwanan microcontinents. But it has been always left off
from the palacogeographic reconstruction map of Gondwana
and Asian microcontinents (Scotese & McKerrow, 1990; Nie
et al.. 1990: Scotese & Langford. 1995) mainly because of
two reasons: (1). Based on limited traverses scanty geologi-
cal information available from Pamir, Karakoram and west-
ern Tibet(De Terra. 1932; Dainelli. 1933; Norin, 1946: Desio,
1974; Gergan & Pant, 1983: Bagati er al., 1995; Matte ¢ al.,
1996. Gactani er al.. 1997; Sinha er al.. 1999); and no Early
Permian plant remains and palynomorphs were ever reported
from the Karakoram Terrane. Early Permian plant remains

have for long been considered as a pointer for Peri-
Gondwanan origin of most of the Asian microcontinents (Nie
etal., 1990), and (2). Owing to the extreme inaccessibility of
the Karakoram and also because of the disputed frontiers of
Pakistan, India and China, large areas of the region remain
unexplored and unstudied.

Recently, during the summer of 1995, three of us (RU,
RC & HR) ook a traverse in the eastern Karakoram mountain
under the leadership of Professor Anshu K. Sinha, to unravel
the intricacies and complex geological history of this inacces-
sible arca bounded by the Nubra-Shyok river valleys to the
south and the Karakoram Pass point (5575 m, the end of In-
dian territory) to the north (Text-figures 1, 2). The geographi-
cal limits of this inaccessible region are between the upper
Yarkand river in the Chinese territory of the Kun-Lun runge
of Tibet in the north and the Ladakh Himalayan ranges in the
south (Text-figures 1, 2). As a significant breakthrough we
here report the first find of the Early Permian plant remains
and Late Asselian (~270 Ma) palynomorphs from the
Chhongtash Formation of the eastern Karakoram Terrane, In-
dia. This paper discusses the palacogeographical significance
of the plant remains and palynomorphs preserved in the sedi-
mentary sequence of the Chhongtash Formation of eastern
Karakoram.

GEOLOGICAL SETTING

On the basis of field evidence across a 150 km long south-
north traverse from Sasoma in the Nubra valley to Karakoram
Pass in the eastern Karakoram mountain (Text-figures 2d, ¢).
two major tectonic divisions have been recognized (Sinha et
al., 1999 Text-figures 2, 3) : (1) the Karakoram Plutonic-
Metamorphic Complex, and (2) the Karakoram Tethyan zone.
The granites of the Kurakoram plutonic complex are two-mica
varicties having large xenaliths of metasedimentary and mafic
rocks. The most abundant rock types arc weakly deformed
and relatively well preserved granites. granodiorites and
tonalites having both I-and S-type signatures (Sinha er «l.,
1999). The Karakoram plutonic complex intruded the Cur-
boniferous-Permian sequence of the Karakoram Tethyan zone
(Text-tigures 2, 3) to the north. The rocks of the Karakoram
Tethyan zone arc ranging in age from Carboniferous-Permian
o Late Cretaceous (Sinha er al., 1999; Text-figures 3). The
geological account of the Karakoram Tethyan zone have been
provided and discussed elsewhere (Sinha er al.. 1999, Bagati
et al.. 1995 and Gergan & Pant, 1983).
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Text-tigure 1—Simplified geological sketch map of Central Asia showing present geotectonic position of western Himalaya, Karakoram. Hindukush,
Pumirs, Tien Shan and Kun Lun Mountuin ranges: their tectonic subdivisions and location of major sutures, microcontinentul Iragments (modified alter
Searle. [991) and location of present findings ol the Early Permian plant remains and patynomorphs. SSZ: Shyok Suture Zone. ISZ: Indus Suture Zone.
MCT: Main Central Thrust. MBT: Main Boundary Thrust. NP: Nanga Parbat. SG: Siachen Glacier. KK Pass: Karakoram Pass (5575 M), *  Location of the
Early Permian plant remains and palynomorphs recorded from the Chhongtash Formation near T-Camp nala scction in the Chhongtash locality (~70 km south
of the Kurakoram Pass and ~50-60 km east of Siachen Glacier and 6-7 ki west of Chhonglush Camp towards Morgo Formation), castern Karakoram India.
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PLANT FOSSILS AND PALYNOMORPHS
BEARING SEDIMENT INTERVAL IN THE
CHHONGTASH FORMATION

Tectono-stratigraphy of the eastern Karakoram reveals
that the Chhongtash Formation of Karakoram Tethys is in tec-
tonic contact with the rocks of the Aqtash Formation to the
south and overlain by thick carbonate sequence of Morgo
Formation (Text-figures 2, 3). Based on the occurrence of
JSusulinid — bearing limestone and siltstone the age of the
Chhonglash Formation has been assigned as Permian (Gergan
& Pant. 1983), Late Permian (Juyal & Mathur, 1996) and Late
Permian to the upper part of the Chhongtash Formation (Sinha
et al.. 1999). The Chhongtash Formation is a thick (1.500-
2,000 m) sedimentary unit consisting mainly of thin to me-
dium bedded black shales, slates, siltstones, dark grey pebbly
mudstone and diamictite, calcareous sandstone, dark grey
limestone and interbedded pillow lava flow (Text-figure 4).
This sedimentary sequence 1s highly folded and faulted, and
is intruded at several places by volcanic sills and dykes (Sinha
et al.. 1999). The lower and middle parts of the Chhongtash
Formation are mostly medium- to fine-grained black shale,
siltstone and pebbly mudstone. The interbedded pillow lava
in the middle and upper-middle portion of the Chhongtash
Formation could be refated 1o the intrabasinal rift volcanism
during the Early Permian and may be linked to the Late Car-
boniferous-Early Permian (~300-250 Myr ago) fragmentation
processes of the Pangea and opening of the Tethys ocean. The
pillow lava is overlain by a thin succession of thin- to me-
dium-bedded limestone, highly folded and faulted in nature.

Text-figure 2.
Sinha er al., 1999).

PLATE 1

The middle part of upper portion of the Chhongtash Forma-
tion is represented by an important plant fosst! bearing hori-
zon (Text-figures 3. 4). The plant fossil bearing outcrop of
grey-brown sandstone and shale is located along the T-Camp
nala upstream section (~6-7 km west of the Chhongtash Camp
locality towards Morgo Formation). and is lying few meters
above the pillow lava horizon (Text-figures 3, 4) which is
followed by a thick succession of grey argillaceous limestone
which has yielded Late Permian fusulinids (Juyal & Mathur.
1996; Sinha er al., 1999).

The plant megafossils collected from eastern Karakoram
are poorly preserved in the form of impressions. The identi-
fied impressions are a small leal’ of Noeggerathiopsis which
can not be identified up to specitic level. a definite gymno-
sperm seed probably Samaropsis , a portion of Gangamopteris
leaf. some unidentifiable plants type and a portion of large
Equiseralean stem (Plate 1). This plant assemblage is simi-
lar to the Early Permian Lower Gondwana flora recorded from
Talchir assemblages (Feistmantel, 1879, 1882: Surange & Lele,
1956: Lele, 1966) and also from the type locality of the Talchir
Coalfield in the Indian subcontinent (Chandra & Singh, 1994).
Occurrence of Equisetalean — stems and other undentifiable
plant types have also been mentioned by Norin (1946) from
the Horpatso area (south of the Mawang Kangri mountain in
northwestern Tibet). This suggests that the Chhongtash For-
mation may be a continuation of Horpatso Series of Norin
(1946) and extends for a distance of ~ 600 km east-southeast
from the Chhongtash locality of eastern Karakoram.

The plant fossil bearing shale was macerated for

—

Geaological traverse map of the eastern Karakoram showing the location of Chhongtash Formation and Chhongtash focality (simplified after

EE—
l. Noegeerathiopsis sp. Lower portion of the leaf showing straight, di- 3. Equisctalean stem. poorly preserved ribs. X 1. B.S.LLP. Specimen No.
chotomous veins running paratlel to each others X 1.5. B.S.1LP. Speei- 35360.
men No. 35358, 4. Samaropsis sced. enlarged. X 4. B.S.LLP. Specimen No. 35358,
2. Unidenuliable plant type on the left and poorly preserved S. ? Gangamopteris. a portion of lurge leaf. X 1.5 B.S.LLP. Specimen
Nocggerathiopsis on the right. X 1.5, B.S.LP. Specimen No. 35359. No. 35360.
PLATE 2 —
(Al magnifications X 500)
[ Plicatipoileniies indicus. B.S.1.P. Slide No. 12391, T44/1 [0, Virkkipolienites sp.. B.S.1LP. Slide No. 12393, D46/3.
2. Parasacciies sp. . B.S.LP. Slide No. 12392, G27/4. LT Verricipollenites debilis, B.S.1.P. Slide No. 12393, V50/4.
3. [jlrxi_denlil.'ied. B.S.L.P. Slide Nq 12393, E31/3. 12, Lunatisporites. B.S.LP. Shde No. 12392, O54/4.
4. Slrm_w/.('uz).\' rectus, B.S.ItP. Slide No. 12391, E38. 13, Acritarch. B.S.I.P. Slide No. 12394, N58/1
5. Callwmispora, B.S.LP. Slide No. 12396, S21/4. . . -
6. Caheniasaccites sp.. BS1P. Shide No. 12393, N29/2. 14, Lunatisporites sp. B.S.LP. Slide No. 12392, G53/3.
7 Lunatisporites sp.. BS.LP. Slide No. 12391, T18/4. 15, Microplankion, B.S.TP. Stide No. 12395, H39/4.
3. Parasaccites sp.. B.S.LP. Slide No. 12395, P57/1 L6, Crescentipollenites. B.S.IP, Slide No. 12393, J25/2.
9. P diffusus. B.S.ILP. Shide No. 12391, T45/4. |7, Parasaccites diffisus, B.S.1P. Slide No. 12393, M20/4,
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palynological study and the following 25 genera and 28 spe-
cies were recorded (Plate 2): Lejorriletes sp., Punctatisporites
sp., Cyclogranisporites gondwanensis Bharadwaj & Salujha,
1964, Cyclobaculisporites minuiies Bharadwaj & Salujha,
1964, Indotriradites sp., Plicatipollenites indicus Lele,
1964, Virkkipollenites obscurus Lele, Bose & Maheshwari,
1968, Elilasaccites elilaensis Bose & Kar, 1966, Elilasaccites
ovatus Bose & Kar 1966, Parasaccites korbaensis Bharadwaj
& Tiwari, 1964, Parasaccites diffusus Tiwari, 1965,
Parasaccites bilateralis Tiwari, 1965, Caheniasaccites
flavarus Bose & Kar, 1966, Caheniasaccites ovatus Bose &
Kar, 1966, Caheniasaccites elongatus Bose & Kar, 1966,
Crucisaccites sp., Divarisaccus lelei Venkatachala & Kar,
1966, Platysaccus papilionis Potonie & Klaus, 1954,
Cuneatisporites radialis Leschik, 1955, Cuneatisporites
flavarus Bose & Kar, 1966, Scheuringipollenites sp.,
Valiasaccites validus Bose & Kar, 1966, Striatites sewardi
(Virkki) Pant, 1954, Striatopodocarpites antiquus Leschik,
Potonie, 1958, Striatopodocarpites venustus Bharadwa) &
Salujha, 1965, Verticipollenites debilis Venkatachala & Kar,
1968, Faunipollenites varius Bharadwaj, 1962, Rhizomaspora
costa Venkatachala & Kar, 1968, Trisaccites sp., Vittatina
subsaccata  Samoilovich, 1953 and  Striasulcites tectus
Venkatachala & Kar, 1968.

The palynological assemblage is dominated by
monosaccates (54%) and followed by bisaccates (42%).
Amongst the bisaccates the nonstriate (22%) and striate (20%)
are more or less equally represented. The triletes are found
only in 3% and the monocolpate is very rare (1%). The gen-
era found within the count are — Cyclobaculisporites (1%),
Cyclogranisporites (2%), Elilasaccites (10%),
Caheniasaccites (19%), Vikkipollenites (6%), Parasaccites
(24%), Divarisaccus (2%), Plicatipollenites (2%),
Crucisaccites (1%), Platysaccus (2%). Cuneatisporites
(9%), Striatopodocarpites (10%), Valiasaccites (11%),
Faunipollenites (9%), Vintatina (1%) and Striasulcires (1%).

The dominance of monosaccates in the assemblage is
once again very much similar to the Talchir or Karharbari
(Early Permian) assemblage of India (Potonie & Lele, 1961;
Bharadwaj et al., 1976; Kar, 1973; Tiwari & Tripathi, 1992)
and Bacchus Marsh Tillite of Australia (Virkki, 1946; Kemp
etal., 1977; Segroves, 1970) . However, the presence of stri-
ate bisaccate in significant percentage (20%) in the present
assemblage favours an Upper Karharbari (Late Asselian,
~ 280-275 Myr ago from present) age. Presence of calcare-
ous microfossils in the thin sections point out that the deposi-
tion took place in marine condition. The occurrence ol
Susuliniti-bearing limestones (Sinha er al., 1999; Juyal &
Mathur, 1996; Gergan & Pant, 1983) is also typical of much

of the northern margin of Gondwana (Nakazawa, 1985). Fur-
ther systematic study is in progress.

PALAEOGEOGRAPHIC IMPLICATION

In recent palacogeographic reconstruction of Pangea
during Late Palacozoic (Scotese & McKerrow, 1990; Nie er
al., 1990; Scotese & Langford, 1995), it appears that a south-
ern belt of Asian microcontinents stretching from Iran and
Afghanistan, through southern Tibet, to western Thailand,
Malaysia and Sumatra comprise several continental blocks
and numerous continental fragments that have coalesced since
the mid-Palaeozoic by the closure of various branches of
Tethys ocean (Sengor, 1987; Nie et al., 1990; Scotese &
Langford, 1995; Enos, 1995; Sinha, 1997; Metcalfe, 1999).
Tectonic constraints include the timing of collisions of the
microcontinents which have been regarded to proceed from
north to south, range in time from Late Palaecozoic to the Ter-
tiary (Sengor, 1984; Dewey et al., 1988). The origin, migra-
tion, assembly and timing of accretion of all of these blocks to
their present geotectonic position is not well known, because
the palacogeography of the Indian ocean during the initial
break up of Gondwana is poorly constrained and there is no
Permo-Triassic crust left in the present—day Indian ocean
(Searle, 1991). The oldest ocean crust adjacent to the east
African and Antarctic margins is of early or middle Creta-
ceous age (~ 140-100 Myr) (Searle, 1991). However, on the
basis of the occurrence of temperate faunas, tloras, and even
glacial and glacio—marine deposits (tillites or diamictites) from
the Permian sequences, the Central Iran, Helmand, Western
Qiangtang, Lhasa and Sibumasu blocks are interpreted as to
have rifted off the northern margin of Gondwana in post-Early
Permian times (Scotese & Mckerrow, 1990: Scotese &
Langford, 1995). Itis believed that they belong to a loosely
associated continent named Peri—-Gondwana or Cimmeria
(Sengor, 1984; Sinha & Upadhyay, 1997). Plate tectonic re-
construction of Early Permian (~ 277 Myr ago) show that these
Peri~Gondwanan microcontinents were situated between
~ 10° - 4(° southern latitude from the equator ((Nie er al.,
1990; Scotese & Langford, 1995).

The Karakoram — Hindukush microplate in the west and
the Qiangtang - Lhasa block in the central and eastern seg-
ment of south Asia margin are among those blocks (Text-fig-
ure 1) which had already been welded on to Asia probably
around 130-120 Myr ago (Dewey et al., 1988; Searle. 1991)
before the collision of India (~ 50 Myr) with this collage of
plates, and has been suspected to be one among the most sig-
nificant Peri-Gondwanan microcontinents. But it has been al-
ways left off from the palacogeographic reconstruction map
of Gondwana and Asian microcontinents mainly because of

—

Text-figure 3—Schematic teclonostratigraphic traverse column of castern Karakoram showing the plant fossil bearing Permian Chhongtash Formation

(After Sinha et al., 1999).
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Text-figure 4—Lithostratigraphic column of a part of the Chhongtash Formation near Chhongtash showing plant fossils und palynomorphs beuring sand-

stone und shale (After Sinba er al.. 1999).
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Black shale, siltstone

Thinly to medium-bedded limestone, highly folded
and faulted
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Black shale, siltstone, and limestone

Pillow lava
Black shale, siltstone, limestone and conglomerate

Black shale, siltstone, limestone with volcanic dyke

Gray to black shale, siltstone, and gray limestone
Trace fossils

Black shale, siltstone, limestone and sandstone

Black shale, siltstone, trace fossils, ripple marks

Black shale, siltstone, volcanic dike
Black shale, siltstone, parallel lamination, wavy
lamination, trace fossils

Black shale, siltstone

Highly folded sandstone

Black shale, siltstone with load cast, ripple marks and
large trace fossil

Highly folded and faulted black shale and siltstone,
volcanic dyke, ripple marks and trace fossils

are common

Dark gray conglomerate, clasts are angular to
subrounded
Thinly bedded black shale and siltstone
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tworeasons (1): Scanty geological information available from
Pamir, Karakoram and Western Tibet and no Early Permian
plant remains and palynomorphs were ever reported from the
Karakoram Terrane. Early Permian plant remains have for long
been considered as a pointer for Peri-Gondwanan origin of
most of the Asian microcontinents, and (2): Owing to the
extreme inaccessibility of the Karakoram and also because of
the disputed frontiers of Pakistan, India and China, large ar-
eas of the region remain unexplored and unstudied.

Our discovery of Early Permian plant remains and Late
Asselian (~280-275 Myr ago from present) palynomorphs
provides crucial information regarding the palacogeographic
reconstruction of the Karakoram during Permian time. Inter-
estingly, the Early Permian (Artinskian, ~270-265 Myr ago)
marine Gondwana sediments with plant remains and
palynomorphs have been earlier recorded from the Salt Range
in Pakistan (Balme, 1970). Therefore, on the occurrence of
Early Permian plant remains and palynomorphs from the east-
ern Karakoram it could be inferred that during Early Permian
time the Karakoram microcontinent was located not far from
the Salt Range of Indian subcontinent, and was situated as a
Peri-Gondwanan microcontinental fragment around 35° south-
ern latitude from equator, somewhere intermediate between
the Indian Plate and the Qiangtang—Lhasa microcontinent. The
Karakoram microcontinent can not be a part of the Indian Plate
because the present geotectonic position suggest that it lies
north of the Shyok—Indus sutures (Desio, 1974; Searle. 1991,
Gaetani, 1997; Sinha & Upadhyay, 1997; Sinha et al., 1999)
(Text-figure 1), and itis a well known fact that the Indus
Suture mark the site of collision between the Indian Plate and
accreted fragments of Asian microcontinent during ~50 Myr
ago (Dewey ef al., 1988; Searle, 1991; Rowley, 1996; Sinha
& Upadhyay, 1997, Upadhyay & Sinha, 1998). It has been
recently suggested that Karakoram microcontinent was welded
to Asia probably around 130-120 Myr ago (earliest Early
Cretaceous) (Searle, 1991), therefore it should be a part of
Peri-Gondwanan collage of microcontinents accreted with
the southern margin ol Asia before the 50 Myr old India —
Asia collision. Interestingly, the present geotectonic position
(Nie er al., 1990; Scotese & Langford, 1995) of Karakoram
between ~34"- 36" northern latitude (Text-figure 1) fromequa-
tor further suggest an ~60" latitudinal movement or shift since
Early Permian (Late Asselian, ~ 275 Myr ago) to present.

The present discovery of Early Permian plant remains
and palynomorphs from the easterm Karakoram is a beginning
towards understanding the large scale geological processes
and hopefully should trigger the pace of geological explora-
tion programmes to be carried out in near future in the remote
regions of eastern Karakoram so that new information would
emerge towards understanding the palacogeography of the
Gondwanaland and accretion of Peri-Gondwanan Asian
microcontinents vis-a-vis India-Asia collision. Future research
programmes are urgently needed to unravel the hidden wealth
of information in the Karakoram.
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ABSTRACT

Krassilov VA Afonin SA & Naugolnykh SV 1999. Permotheca with in situ pollen grains from the
Lower Permian of the Urals. Palacobotanist 48(1) : 19-25.

Sporangial heads of the pollen organ Permotheca from the Lower Permian of Tschekarda. the Urals,
are described as semisynangiate, with sporangia proximally connate for about one-third to half their length.
The sporangial walls are three-layered and vascularized. The pollen grains, studied with LM, SEM and
TEM. are transitional protomonosaccate-bilobed to protobisaccate. sulcate, with alveolar infrastructure.
lamellate nexine and a tryphine-like surface layer. Chitrid zoosporangia occur in the pollen grains. The
stmilarity to ldanothekion in the sporangial and pollen morphology may indicate phylogenetic relationships.

Key-words—Pteridosperms. sporangia, pollen morphology, phylogeny. Permian.
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INTRODUCTION

A puzzling problem in the Permian palynology is a close
similarity between contemporaneous palynofioras of dif-
ferent palaeofloristic realms, such as the Angarian,
Subangarian, Cathaysian and Gondwana provincies, having
widely diverging macrofossil assemblages. Either there were
more common elements than suspected on macrotossil evi-
dence or the pollen similarities were due to parallel evolution
of phylogenetically unrelated gymnosperm lineages. This prob-

lem can be settled only by a comparative analysis of both in
siti and dispersed pollen grains and their producing organs.
However, few pollen grains are found in siti and still fewer
provide a sufficient morphological information.

The gymnosperm pollen organs studied by Russian
palaeobotanists, mostly came from the Permian of Subangarian
Province including the Urals and the Volga Basin. These ar-
eas were ecotonal between the temperate Angarian and tropi-
cal Cathaysian realms, supporting a highly diverse gymno-

© Birbal Sahni Institute of Palacobotany. India



20 THE PALAEOBOTANIST

sperm flora (Meyen, 1984). Pollen-producing organs are rela-
tively common in the rich Subangarian localities, but the data
on in situ pollen grains are as yet fragmentary.

In this paper we report on in situ pollen grains of
Permotheca, a widespread morphotype of sporangial clusters,
coming from the Lower Permian Tchekarda locality of fossil
plants and insects. Two widely different pollen morphotypes,
Vesicaspora and Vittatina were previously reported from
Permotheca (Gomankov & Meyen, 1986; Meyen, 1984), a
situation that requires a thorough revision.

MATERIAL AND METHOD

The Tchekarda locality has been known since 1920s
(Martynov, 1928). It is an outcrop of a sandstone, shale and
marl sequence in the historical stratotype area of the Kungurian
Stage of the Permian System on the Sylva River in the south-
ern part of the Ufa-Solikamsk Basin, Central Urals
(Ponomareva et al., 1998). The fossil plant assemblage is typi-
cal of the Bardian flora that was dominated by conifers and
callipterids (Zalessky, 1929, 1937; Meyen, 1984). These de-
posits also contain a marine fauna of foraminifera, bryozoans,
brachiopods and cephalopods.

The following description is based primarily on asingle
sporangial head from palaeontological collection deposited
in the Palaeontological Museum, Moscow. Several synangia
figured from the same fossil plant bed by Naugolnykh (1998)
and deposited in the Geological Institute, Moscow were stud-
ied for additional morphological details.

The sporangial head is preserved as a coaly compression
spread in the bedding plane. It was photographed with
stereomicroscope CITOVAL-2 and mounted for SEM. The
microphotographs of sporangial wall structures and in situ
polien grains were obtained with the CAMSCAN scanning
electron microscope. Parts of the pollen masses were extracted
from sporangia, macerated in Schultze mixture and individual
grains were studied with the light microscope AXIOPLAN-2,
CAMSCAN and transmission electron microscope JEM-
100B-1 (JEOL). Pollen grains selected for TEM were fixed
in OsO, ( 1%) for two hours, sectioned using an ultratome
LKB-3 and then stained with Reynolds lead and uranil ac-
etate.

SYSTEMATICS

Genus—PERMOTHECA Zalessky

PERMOTHECA DISPARIS (Zalessky) Naugolnykh
Pl 1, figs 1-6; P1. 2, figs 1-12
Permotheca disparis Naugolnykh 1998; p. 96, fig. 55.

Description—The sporangial head in PL. |, fig. 1 shows
six sporangia radially spreading in the bedding plane, with a

central scar of a stalk. The sporangia are preserved as com-
pressions split in the median plane and partly encrusted with
calcium carbonate, proximally appressed, distally diverging.
As seen with SEM, the sporangial locules are proximally sepa-
rated by thick common walls extending one-third to half their
length (P1. 1, fig. 3). There is no evidence of a cushion or pad
of basal tissue.

The individual sporangia are obovate-clliptical, up to 4
mm long, with a maximum width 1.4-2 mm above the middle,
gradually tapering to the base and more abruptly to the apex
which is bluntly pointed. Their inner face is traversed by a
median ridge marking the line of dehiscence. At low magnifi-
cation the sporangial walls show either longitudinal or slightly
oblique to midline or else transverse striation. As seen with
SEM, the striation marks the cell files of epidermis and inner
layers (PI. I, figs 3, 4).

The epidermal cells are narrow, fusiform, of uniform
width (about 40 um), arranged in the gently arched axial files.
There is at least a single subepidermal layer of slightly broader
fusiform cells and the inner layer of transverse interfingering
wedge-shaped cells. The latter appear shrivelled, forming bro-
ken files with occasional twisted or protruding cells. The vas-
cular bundles occur in the middle layer of the sporangial walls
(protruding in the locule when the inner layer is not preserved)
extending along the borders of fused sporangia and diverging
at their separation. They consist of long fusiform tracheids
(about 30-40 pm), with short to long oblique end walls (PI. 1,
fig. 6), spirally thickened with tight coils wider than their in-
tervening spaces (Pl 1, fig. 5), 5-7.5 um broad, occasionally
anastomosing.

Masses of pollen grains occur in the locule, sometimes
directly on the vascular layer where the inner layer is resorbed.
Sixty pollen grains were separated from the pollen masses
showing variation in shapes and dimensions. The equatorial
midplane outlinc is elliptical, long axis 50-85 (mean 68) pum,
short axis 30-56 (mean 45) um, broadly rounded over the ends
of the long axis, flattened or slightly constricted over the ends
of the short axis. The body is transversely elliptical or nearly
circular, laterally fringed by a narrow strip of the saccus sexine
typically about 3 um wide, occasionally slightly interrupted,
proximally embraced by the arcuate saccus roots for about
one-fifth its width on both sides, with the sexine of the saccus
gradually attenuating over the cappa margins (Pl. 2, figs 7-
10). The distal face shows the saccus exine converging over
the body or leaving an elongate cappula typically about 6-10
um wide, traversed by a narrow slit (PL. 2, fig. 7). In lateral
view the body is trapezoid (“keystone-shaped™), with the cappa
smoothly arched, the cappula flat, incised in the middle (PI. 2,
fig. 11). The saccus lobes form wedge-shaped extensions over
the body meeting at the midline.

The cappa and sacci are psilate, with exterior brochi
sometimes marked on the outside as polygonal depressions.
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PLATE 1

I Permotheca disparis. compressed sporangial head, Palaeontological files lining the locule, SEM. x 55.
Institute, Specimen No. 4748/15. x 9. Other photographs. except fig. 4. Base of the sporangial head showing proximal fusion of sporangia.
2, are from this specimen. SEM, x 37.

2. Impression of a similar head from the same locality, Geological Insti- S. Distal view of a pollen grain attached to a tracheid, showing the

tute. Specimen No. 3737/202, x 4.
3. Sporangiashowing longitudinal files of epidermal cells and transverse

The cappula is scabrate or irregularly microverrucate. The
roots of the sacci are delimited by thick ridges. Split grains
show a protosaccate infrastructure of thick endosexinal ele-
ments arising from the corpus and traceable halfway to the
outer wall, distally branching repeatedly to form a three-di-
mensional pattern of elongate brochi (PI. 2, fig. 4), polygonal
in surface view. The exterior brochi are up to 4 um wide.

The sporoderm thin sections show a thick tectum under-
lain by an alveolate infrastructure with large irregular lumina
basally supported by a continuous foot-layer. The innermost

cappula, SEM. x 950.
6. Tracheids of the sporangial vascular bundles, SEM, x 393.

layer is electronically denser, 0.12 pm thick, with 6-7 distinct
lamellae, each 0.02 um thick. The sporoderm of cappa is 0.9
um thick. The distal sporoderm is thinner, with the alveolate
infrastructure reduced over the cappula, lacking in the sulcus.
In some sections, a layer of small dense bodies covered by a
thin membrane, supposedly a tryphine-like material of tapetal
origin, is discernible above the tectum (Pl. 2, fig. 12). At the
root of the saccus the sporoderm is invaginated inside the body
(Text-figure 1).

Some pollen grains contain sporangia of chitrid fungi
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Text-figure 1—Section of entire pollen grain showing a thick sporoderm of the cappa (C). a thinner sporoderm of the cappula (Ca). sulcus (S)

and infolded nexine al the saccus (Sa) roots. TEM, 4,000.

preserved as spheroidal, slightly angular bodies about 8-16
um in diameter (Pl. 2, figs 7, 8)

DISCUSSION

The genus Permotheca was based on a few radial
sporangial heads from the Kazanian (mid-Permian) deposits
of Tatarstan briefly described as Permotheca sardykensis
(Zalessky, 1929). Similar material from the Kungurian of the
Urals was assigned by the same author to Asterodiscus disparis
(Zalessky, 1937). The latter material was revised by
Naugolnykh who first published it, together with ovulate disks,
under the name Peltaspermum retensorium (Naugolnykh &
Kerp, 1996), later transferred to Permotheca disparis
(Naugolnykh, 1998). He also found loose strobili of many
spirally attached Permotheca-type heads. These finds were
used to reconstruct the strobilus shown in Text-figure 2.

Since the dimensions and the number of sporangia vary
along the axis. these characters are of a little taxonomic sig-
nificance. The species of Permotheca based on external mor-
phology of dispersed heads alone may well belong in a single
species. However, their in situ pollen grains were assigned to

PLATE 2

different morphotypes (Gomankov & Meyen, 1986).

In its strobilate aspect with sporangial heads arranged in
a single spiral series Permotheca stands apart from
pteridospermous pollen organs with sporangia or synangia born
in three-dimensional or planate branching systems or else on
laminar pinnules (Millay & Taylor, 1979). A taxonomic de-
marcation of dispersed sporangia remains a problem because
radial sporangial clusters or synangia are known in a number
of Palaeozoic taxa, such as Zimmemannitheca, Aulacotheca,
Crossotheca, Feraxotheca, Callandrium, Idanothekion, as
well as the Mesozoic Preruchus, Pteroma, Harrisithecium,
Meeusella and their allied forms (Millay & Eggert, 1970;
Millay & Taylor, 1979; Stidd & Hall, 1970; Harris, 1964;
Townrow, 1965; Retallack, 1983; Taylor ef al., 1984; Krassilov
& Bugdaeva, 1988a, b). In these genera, however, the spor-
angia are either free, as in the Lower Carboniferous
Zimmemannitheca, or, if synangiate or semisynangiate, have
a basal cushion of parenchymous tissue that is apparently iack-
ing in Permotheca. Other distinctive features are vasculariza-
tion and the degree of sporangial fusion in the semisynangial
structures. Vascularization of sporangia is shared by
Permotheca with Telangium and [danothekion, but in these

—
1. Sporoderm ultrastructure of cappa showing tectum, alveolate infra- overlapping the cappula: right grain with fungal zoosporangium, LM.
structure, and nexine. TEM, x 12.000. x 720.
2. Close-up of the same section showing the sexine/lamellate nexine 8 Pollen grain with a fungal zoosporangium, LM, x 720.

boundary (arrow), TEM. x 40,000.
3. Sulcus area with attenuate alveolar infrastructure and lamellated nexine,
TEM, x 12,000.
Split grain showing protosaccate structure, SEM., x 2833.
Pollen grain. proximal aspect, SEM, x 900.
Pollen grain. latero-distal aspect, SEM. x 1150.
Two pollen grains with a clearly defined sulcus and the saccus sexine

~ G B

9. 10. Pollen grains showing saccus sexine overlapping the cappa. with nar-
row lateral connections interrupted on one side, LM, x 720.

11, Same pollen grain as in fig. 6. with trapezoid body in proximo-latcral
view with the sacci nearly converging over the cappula: note
micropunctate infrastructure of the cappa. LM, x 720.

12, Orbicule-like bodies and the tryphine-like membrane over the tec-
tum, TEM. x 5,000.
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Carboniferous genera the sporangia are fused for about two-
thirds or even four-fifths of their length and the vascular bun-
dle extends in the median plane. Individual sporangia are rather
similar to Arberiella in general shape and epidermal structure
(as shown in Pant & Bhatnagar, 1972; Zavada, 1991) but in
the fatter genus sporangia are stalked and are arranged in ei-
ther branching or discoid structures (Rigby & Chandra, 1990).

Notably. in Permotheca and other Palacozoic sporangia.
the wall remains multilayered even after shedding of the pol-
len grains, whereas in the Mesozoic sporangia the inner wall
layers are typically resorbed at maturity and the ripe pollen
grains are covered only with an epidermal layer. This evolu-
tionary change apparently relates to a more efficient use of
sporangial tissues as a trophic resource for developing pollen
grains.

Remarks on the pollen grains—The pollen grains are
apparently of the same type as found in situ in the Upper
Permian Permotheca vesicasporoides (Meyen, 1984;
Gomankov & Meyen, 1986). The latter were described with
LM as monosaccate, comparable with Vesicaspora Shemel
emend. Wilson & Venkatachala (1963) and with the pollen
grains of ldanothekion glandulosum Millay & Eggert (1970)
assigned to the same morphotype. However, Balme (1995)
suggested Falcisporites Leschik emend. Klaus, rather than
Vesicaspora. as a more appropriate pollen-genus for the in
situ pollen grains of Permotheca vesicasporoides. He assigned
to Falcisporites also the in sitie pollen grains of Preruchits
africanus Thomas that are externally quite similar to those of
Permotheca. Falcisporites belongs to a group of the Late
Permian to Mesozoic pollen morphotypes including also
Pirvosporites Seward emend. Manum. Alisporites Daugherty
emend. Nilsson, Klausipollenites Jansonius, and some other
less frequently used pollen-genera. They allegedly differ in
the relative development of sulcus (typically present, elon-
gate-rectangular in Falcisporites, but less conspicuous in
Alisporites and apparently lacking in Klausipollenites, see
Clarke, 1965, Scheuring, 1970: Jansonius, 1971; Foster, 1979)
and the lateral connection of sacci (typically present in
Klausipollenites, but less conspicuous in Alisporites and
Falcisporites, see Clarke, 1965; Jansonius, 1971). However,
these characters vary with developmental stage and preserva-
tion. In transitional forms, such as Vesicaspora or
Klausipollenites, a demarcation of bisaccate pollen grains from
monosaccate with strongly bilobed saccus is often arbitrary
(Jizba, 1962 Clarke, 1965; Lindstrom er al., 1997). In the in
sitn grains of Permotheca both monosaccate-bilobed and
bisaccate conditions are mel in a single sporangium.

A more profound distinction might have been provided
at the ultrastructural level by infrastructure which is alveolar
in Vesicaspora, but granular in Preruchus africanus and sup-
posedly in the allied dispersed morphotypes. Since the pollen
grains of Permoihecahave an alveolar infrastructure they seem

Text-figure 2—Reconstruction ol strobilus with Permorheca-type sporangial
heads, scale bar 1 cm.

closer to Vesicaspora, though differing from the latter in the
better defined corpus and a more constantly developed sul-
cus. Haptotypic marks are lacking in our material, as well as
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in the Late Pennsylvanian Vesicaspora, though sometimes
present in the mid-Pennsylvanian representatives of the genus
(Millay & Taylor, 1974).

A thin membrane over the tectum is also a feature ob-
served in some Carboniferous seed-fern pollen grains. The
membrane was conventionally described as tapetal (Taylor &
Taylor, 1987). It is actually comparable to tryphine of
angiosperm pollen grains where it is a surface deposit of tap-
etal origin.

On evidence of both sporangial and pollen grain mor-
phology, Permotheca seems most closely related to the Car-
boniferous callistophytes.
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ABSTRACT

Kumar P 1999. Denwasporites gen. nov. : A prepollen from the Upper Triassic of [ndia.
Palacobotanist 48(1) : 27-29.

Demwvasporiies a new prepollen genus is recorded from the Upper Triassic Denwa Formation of the
Satpura Basin. It is a monolete form with weak intrapunctate exine.

Key-words — Prepollen, Upper Triassic (Denwa Formation), India.
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INTRODUCTION

OME fossil miospores bearing a monolete-mark are

recorded from the clay beds (Text-figure |; Sample no.7
of Kumar & Kumar, 1999 in the Denwa Formation exposed
in an artesian well cutting south of the village of Anhoni in the
Chhindwara District, Madhya Pradesh. Monolete spores are
known from the Upper Carboniferous-Permian and younger
strata in the dispersed condition. These are referred to such
miospore genera as Laevigatosporites Ibrahim, 1933,
Punctatosporites Ibrahim, 1933, Latosporites Potonié &
Kremp, 1954, Leschikisporis Bharadwaj & Singh, 1964 and
Monoletes Cookson ex Potonié, 1956.

Other monolete forms bearing a proximal suture have
been rcported in situ from the genus Medullosa, and these
prepollen have been described as Monoletes Van der Hammen,
1954 (=Schopfipollenites Potonié & Kremp, 1954) from the
Upper Carboniferous of Germany. Surange and Chandra
(1974) described monolete, sculptured spores as

Kendosporites from the cone of Kendostrobus from Permian
beds of the Raniganj Coalfield of Damodar Basin in India.

In the present paper, Demvasporites is a monolete-su-
tured prepollen which is described below following detailed
study.

SYSTEMATICS

Turma—MONOLETES Ibrahim, 1933

Suprasubturma—A CAVATOMONOLETES Dettmann,
1963

Subturma—AZONOMONOLETES Luber 1935

Infraturma—LAEVIGATOMONOLETI
Dybovd & Jachowicz, 1957

Genus—DENWASPORITES gen. nov.

Etymology—Denwa Formation, Satpura Basin, M.P.
India.

© Birbal Suhni Institute of Palacobotany, India
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Text-figure 1—Diagrammatics sketch of Denwasporites gen. nov.

Diagnosis—Spores bilaterally symmetrical, equatorial
outline oval; bearing proximally monolete suture. Exine
smooth to weakly intrapunctate, folded along peripheral mar-
gins.

Description—Spores broadly oval in equatorial outline.
Proximal face plano-concave or-convex, bearing monolete
suture, labra smooth, simple thin. Distal face distinctly con-
vex. Exine smooth to faintly intrapunctate, folded, puncta small
and shallow. Extrema lineamenta smooth, Size 70-82 um long
and 48-64 um broad.

Type species—Denwasporites anhonii gen. ef sp. nov.

Comparison—Denwasporites gen. nov. is clearly distinct
from Latosporites Potonié & Kremp, 1954 which has broadly

oval to near circular amb and distal side strongly inflated; polar
axis 1/2 - 1/1 of the longer axis in the equatorial plane: and
shorter laesura. Monoletes Cookson ex Potonié, 1956 known
from the Tertiary beds, has an oval amb meridian about half
circular, and smooth but rigid exine. Laevigatosporites
Ibrahim, 1933 is a bean-shaped spore and hence is not com-
parable with Denwasporites gen. nov. Leschikisporis Potonié
emend. Bharadwaj and Singh, 1964 has an asymmetrical trilete
mark with granulate exine and circularamb. Punctatosporites
Ibrahim, 1933 is bean-shaped with punctate exine (like fine
sand-paper); hence, it is quite different from Denwasporites
gen. nov. The in situ spore genus Kendosporites Surange &
Chandra, 1974 differs from the studied spores in featuring a
patterned exine (i.e., ridges and grooves) running parallel to
the longitudinal axis.

DENWASPORITES ANHONII sp. nov.
Pl. 1, figs 1-3

1969 Laevigatosporites sp. Bharadwaj & Srivastava, PL
24, fig. 3.
1973 Laevigatosporites ovatus Wilson & Webster in

Kumar; PI. 4, fig. 90.
Reconstruction—Text-fig. 1.
Type species—Denwasporites anhonii gen. et sp. nov.

Holotype—PI. |, fig. I;size 74 um long and 54 um broad:
BSIP No. 12257.

Locus typicus—Anhoni Village, Chhindwara District,
Madhya Pradesh, India.

Stratum typicum—Denwa Formation, Mahadeva Group,
Middle Gondwana, Satpura Basin, India.

PLATE 1

All photomicrographs x 500. Co-ordinates of the specimens in slides refer 1o stage of Laborlux D Microscope No. 077055.
The figured shdes are deposited with the repository of Birbat Sahni Institute of Palacobotany. Lucknow.

L Demwasporites anhonii gen. el sp. nov. Slide no. BSIP 12257 (39 x
107.5).

2
3.

D. anhonii Slide no. BSIP 12256 (12.5 x 98.5).
D. anhonii Slide no. BSIP 12255 (42 x 93.3).
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Age—Late Triassic.
Etymology—Village Anhoni, Chhindwara District, M.P.

Diagnosis—Spores bilaterally symmetrical, equatorial
outline oval, proximal face plano-concave or slightly convex,
but the other (probably distal) face strongly convex, Monolete
suture simple on the proximal face, labra thin and simple. Exine
slightly intrapunctate. puncta small and folded. Extrema
lineamenta smooth.

Description—Equatorial outline oval to broadly oval,
distally arched face. Monolete-mark, length 2/3 to 3/4 of
longitudinal axis, + straight; labra thin, simple, and open. Exine
1-2.5 pm thick. surface intrapunctate, puncta small and shal-
low, faintly perceptible and sparse, folded along distal periph-
eral margin. Size range from 10 specimens; 70-80 um long
and 52-60 pm broad. Extrema lineamenta smooth.

Comparison—Monoletes major Cookson, 1947 differs
from Denwasporites anhonii sp. nov. in being smaller
(55.5- 77 x 32-42.5um). M. indicus Kumar, 1973 possesses
thicker exine (2.5-6.0 uym thick) with larger size range
(105-120 x 63-92.5 um). M. grandis Dev, 1961 differs in
having intragranulate, transluscent exine and shorter monolete
mark. M. intragranulosus Singh, Srivastava and Roy, 1964
differs in having finely intragranulate exine and shorter
monolete mark. Mornolites sp. of Kumar (1973) is distinct from
Denwasporites anhonii in its thicker exine, which is
intragranulate with coarse, closely packed grana covering the
surface. Laevigatosporites ovatus Wilson & Webster in Kumar
(1973, Pl. 4, fig. 90) is different in possessing smooth, un-
folded exine. Laevigatosporites sp. Bharadwaj & Srivastava
(1969) is smaller (ca. 50 x 34 um), than Denwasporites
anhonii. The in situ spore Kendosporites striatus Surange &
Chandra, 1974, differs in being sculptured with parallel ridges
and grooves.

DISCUSSION

Chaloner (1970) defined prepollen as “the microspores
of seed plants which must have functioned as pollen but re-
tained the pteridophytic character of proximal germination. It
represents an intermediate condition between the microspores
of free, sporing plants and the true distally germinating pollen
of modern gymnosperm”. He further opined that these could
be either with or without a saccus. The dispersed prepollen
genus Monoletes (=Schopfipollenites) from the Upper Car-
boniferous, Germany, is known to occur in situ in the vast
majority of medullosan pollen organs (Taylor, 1981, p. 353;

Stewart & Rothwell, 1993; p. 322). Surange and Chandra
(1974; PL. 2, figs 15 and 18) isolated in siru oval-shaped
monolete spores having ridged and grooved exinal surface as
well as a few smooth walled spores from the cone of
Kendostrobus belonging to Glossopteridales from the Permian
sediments of Raniganj Coalfield, Bengal, India. Bharadwaj
and Srivastava (1969) described a monolete spore as
Laevigatosporites sp. (Pl. 24, fig. 3) from Middle Triassic
Nidpur beds, South Rewa Basin in Sidhi District. M.P., India.
In (pers. com.) Dr Shyam C. Srivastava has identified monolete
spores (similar = Denwasporites gen. nov.) in a pollen bear-
ing organ recorded from the Triassic sediments of Nidpur,
South Rewa Basin, India.

Occurrences of such monolete spores as in siti reported
above as well as in dispersed conditions in the Denwa Forma-
tion (Upper Triassic) of Indian sediments is suggestive of seed-
plants similar to medullosan forms in Satpura Basin, central
India.
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ABSTRACT

Lutz Al Crisafulli A & Herbst R 1999, Gymuospermous woods from the Upper Triassic of northern
Chile. Palacobotanist 48(1) : 31-38.

The anatomical study of three gymnosperm fossil woods from the Upper Triassic La Coipa, La Ternera
and Las Breas formations is presented. Prorotaxoxvion intertrappeunt is a taxacean wood from India charac-
terized by s tertiary thickenings on their sccondary tracheids; Protochamaecvparixylon klitzschii is a
cupressaceous wood also present in the Nandanga Formation of South Africa while Protophyllocladoxylon
cortaderitaensis is a Protopinaceae member which was already described from the Upper Triassic of Argen-
tina. The present text is the first description of Triassic woods from Chile.

Key-words— Coniferopsida (Taxales. Coniferales), Anatomy, Upper Triassic, Northern Chile.
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INTRODUCTION

HREE fossil woods are described and cited for the first

time from different localitics and formations, of northern
Chile (Text ligure 1). Fossil wood had only heen reported as
such and to our knowledge had never been described before
from these units.

In a recent paper Herbst er al. (in press) gave a summary
of the scarce former literature related to the megaflora of these
formations. They all contain a typical Triassic Dicroidium flora
composed of abundant Pleridophyta (mainly Marattiales,

Osmundales, Gleicheniaceae, Dipteridaceae and the genus
Neocalamites), Pteridosperms (Dicroidium, Diplasiophyllum,
Lepidopteris, etc.) Ginkgoales (Ginkgoites. Sphenobaiera).
Cycadales (Pseudoctenis), other leaves (Tueniopteris.
Yabeiella) and very rare Conifers (Rissikia and Heidiplylliin).
The woods here described belong to the fatter Class of plants.

MATERIAL AND METHOD

Sources of the material are as follows:

The material described in this paper has been collected

© Birbal Sahni Institute of Palacobotany. India
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Text-figure 1—Location map. showing the areas of the formations with fossil woods.

from Hito La Candelaria (close to La Coipa Mine), North of
C. Maricunga, Province of Copiapd, 11l Region. Chile. The
wood sumples occur in La Coipa Formation which is consid-
ered to be Lower Triassic? (Suarez & Bell. 1993).

It seems doubtful to us. as cited in Suarez & Bell (1993)
that the La Coipa Formation is of Lower Triassic age as its
flora. although locally somewhat distinct, is typically of the
Middle-Upper Triassic associations, as are the other floras of
northern Chile.

Locality—Quebrada El Carbdn, area of C° La Ternera,
Province of Copiapd, 111 Region, Chile.

Harizon—La Ternera Formation.

Age—Upper Triassic (Sepdlveda & Naranjo, 1982).

Locality—Punta del Viento. 20 km East of Vicufia, Prov-
ince of Elqui, 1V Region, Chile.

Horizon—Las Breas Formation.

Age—Upper Triassic (Dedids, 1967; Letelier. 1972).

The specimens are fairly well preserved, completely
silicified, but only secondary wood is present in all the speci-
mens. generally with well marked growth rings.

The acetate-peel technique was used with good results,
in addition to other observations. A minimun of |5 measure-
ments was made in all cases: the mean size is given while the
maximun and minimun values are in parentheses. The termi-
nology used is that of Greguss (1955) and standard measure-
ments as proposed by Chatthaway (1932).

SYSTEMATICS

Class—CONIFEROPSIDA
Order—TAXALES
Family—TAXACEAL



LUTZ et al.—GYMNOSPERMOUS WOODS FROM THE UPPER TRIASSIC OF NORTHERN CHILE 33

Genus—PROTOTAXOXYLON Kriusel & Dolianiti,
1958

Prototaxoxylon intertrappewm Prakash & Srivastava, 1961
(Pl L figs 1,2,3,5,7 and Text-fig. 2)

Type species—Prototaxoxylon africanum (Walton)
Kriusel & Dolianiti, 1958

Description—Decorticated wood fragment with only sec-
ondary wood preserved, with well-marked growth rings and
abundant “shearing zones”. Xylem tracheids are rectangular
in outline in transversal section (TS) with about 24 um (30-15
um) in tangential x 27 um (30-15 um) radial diameters re-
spectively (PL I, fig. 1 ). In all growth rings the late wood is
narrow. with 5 (9-2) rows of cells while early wood has 46
(63-32) rows of cells. Mean sensitivity (Fritts, 1972) could
not be obtained as together with true, there are many false
rings. In longitudinal radial (LR) section, tracheids are 53 x
900 um wide / long. Their walls bear rounded, uniseriate
araucariod pits, contiguous and spaciate; areole aperture is
circular. Pits measure 10 x 12 pum wide / high. The flattening
coefficient (e=d /D) is | (PL. 1, figs 2, 3,5, 7). On the radial
walls there are thickened spiral bands running clock- or
counterclock- wise over the pits (P1. 1, figs 2, 3,5, 7, Text.
fig. 2). Cross fields have biseriate, scattered, bordered pits
with circular pore apertures; mean number of pits per field is
4 (8-2) (Text-fig 2). The radial system is homogeneous, rays
are uniseriate, low, with oval cells in tangential longitudinal
(TL) section. Mean height of rays is of 3 cells (7-2). On these
walls the uniseriate pits are smaller than those of radial walls.
In TS the rays are separated by about 7 (16-2) tracheids (Pl. I,
fig. 1). On TL walls the uniseriate pits are smaller than those
of the LR walls.

Material—CTES-PB N° 10252, Sgo- PB N° 1595; CTES-
PMP N° 2036-2037 (sections).

Locatiry—Hito La Candelaria, Mina La Coipa, Chile (see
above).

Horizon—ILa Coipa Formation.

Age—Upper Triassic.

Discussion—The described specimen can be assigned
undoubtely to the genus Prototaxoxylon Kriusel & Dolianiti
(1958), mainly because of the arrangement of the spiral thick-

ening bands on the tracheidal walls (characteristic of all the
Taxales). the bordered pits and the field-crossings.

There are some other Gondwana woods with the same
type of secondary wood, viz., Taxopytis Kriusel, Taxoxylon
Unger and Taxaceoxylon Kriusel & Jain. But these are differ-
ent in their abietinoid pits on tracheidal walls while in
Prototaxoxylon they are mid-way between araucarioid and
cordaitoid. Incidentally, it seems that this and some other mor-
phological characters in homologous structures of seeds and
cones, are the reasons why Bliss (1918), Sahni (1920) and
Florin (1948) suggested that the Taxales evolved from some
ancestral type of Cordaitales.

Text-figure 2— Prototaxoxyvion intertrappeum Prakash & Srivastava. As-
pect of the cross-field and scheme of the spiral thickening bands running
clock and counter clock- wise on tracheidal walls. Scale bar: 35 um.

Protoraxoxylon has an extensive biochron, from Permian
to Tertiary; five species are known from the Gondwana realm:
P.indicum (Mehta) Prakash & Srivastava, P. andrewsii Agashe
& Chitnis, both from the Permian of India; P brasilianum
Kriusel & Dolianiti from the Permian of Brazil, P africanum
(Walton) Kriiusel & Dolianiti from the Late Mesozoic or Lower
Tertiary of South Africa, and finally P. intertrappeunt Prakash
& Srivastava from the Lower Tertiary of India. P. feriziense
Fahkr and Marguerier (in Fahkr,1977) is known from the

3 4

Text-figures 3, 4—Protochamaccvparixylon kiitzehi Giraud. Transverse scc-
tion of sccondary woods, ch: secretory canal. Scale bar: 100 pum.
4. Protophyliociadoxyion cortaderitaensis Mcnéndez. Tracheids with mixed
and uniscriate pits and phyllocladoid cross-field in secondary xylem: 1o the
right short tracheids without pits. Scale bar: 38 pm.
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PLATE 1

Prototaxoxylon intertrappenm Prakash and Srivastava.
1. transversal scction . tracheids of secondary xylem. scale
bar: 70 um. 2, 5: longitudinal radial scetions: spiral thicken-
ing bands running clock or counterclock- wise over the
wracheidal walls of the secondary xylem and uniseriate pits.
scule bars. 3, 7 represents 35 pm: 2= 70 pm: 5=15 pm.

4, 0.

Protochamaecyparixvlon klischii Giraud. < transversal sec-
tion: tracherds of secondary xylem. partial parenchimatic ring
and growth ring, scale bar represents: 80 pm. 6. longitadimal
radial section: uniscriate pits on the tracheidal walls of sec-
ondary xylem. scale bar represents 70 pm.
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Jurassic of Iran, i.e., outside the classical Gondwana realm. radial pits and the presence of false growth rings.
Comparisons with all these species showed that the Chil- A few unimportant characters have not been seen in our

ean specimen could be assigned to P. intertrappeum, with  specimen : Sanio-bars in some tracheids, the number of pits

which it shares most characters, mainly the thickness and ar-  in the cross-fields (1-10 in the Indian specimen ahd 2-7 in

rangement of the spiral thickenings, the cross-fields, the pre-  ours) and a small amount of biseriate radial pits. Maheshwari
dominance of uniseriate bordered pits, smaller tangential than  (1972) also found some variations in this latter character which,

PLATE 2

L. 2. Protochamaecyparixyion klitszchii.Giraud. Tangential longitudinal 3.6. longitudinal rudial section : 3. mixed pits on the tracheidal wall.
section : frequency and height of secondary xylems rays, scale bar 6. araucarioid bisertate pits on tracheids. scale bar represents S0 pm.
represents 80 um and 100 um for figs. 1 and 2 respectively. 5. longitudinal tangential section . uniseriate and low rays. scale bar:

3-6. Protophyllocladoxvion cortaderituensis. Menéndez. 4. Transversal 80 pm.

section: tracheids of secondary xylem. scale bar represents 100 um.
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according to him, depends on how far from the pith are obser-
vations of xylem made.

Differences with the other species of Prorotaxoxylon are
shown in Table I.

P. intertrappeum was originally described from Lower
Tertiary sediments of India, but Prakash and Srivastava (1961)
already admitted a close resemblance to more “primitive”
Permian species. The present finding in Triassic rocks fills
this gap.

Order—CONIFERALES
Family—CUPRESSACEAE

Genus—PROTOCHAMAECYPARIXYLON
Giraud 1985

Protochamaecyparixylon klitzchii Giraud
PL 1, figs 4, 6; PL. 2, figs 1, 2; Text-fig. 3

Type species—P. klitzchii Giraud, (in Giraud & Hankel)
1985

Description—Decorticated wood fragment, 30 cm in di-
ameter x 35 cm long. Only picnoxylic xylem with weakly
marked growth rings is preserved. Tracheids are rectangular
in transversal outline, 33 um (44-23 pm) radially x 37 um
(43-15 um) tangentially respectively. Transition from early to
late wood is gradual, but some disttorion due to shearing zones
is observed. In TS traumatic secretory channels are seen, with
a mean of 66 um in radial x 74 pm in tangential diameters;
traumatic parenchyma cells of mean 37 x 42 pum radially /
tangentially can also be seen (Pl. 1, fig. 4, Text-figure 3).

In LR section, araucariod, mainly uniseriate (few
biseriate), contiguous, bordered pits are seen on radial walls
(PL. 1, fig. 6).

Cross-fields show 1-2 cupressoid oculipore-type (ellip-
tical, oblique lumen) pits. No pits have been observed on tan-
gential walls. Radial system is homogeneous, with uniseriate
rays; cells are rounded, low, only 4 (8-3) cells high; in TS rays
are separated by a mean of 11 (18-5) tracheids (P1. 2, figs 1, 2).

Material—CTES-PB N° 10253, Sgo- PB N°1596: CTES-
PMP N° 2038-2039 (sections).

Localiry—Punta del Viento (see above).

Horizon—Las Breas Formation.

Age—Upper Triassic.

Discussion—The presence of diagnostic characters like
isolated vertical parenchyma, traumatic secretory channels,
radial pits mainly uniseriate and cupressoid cross-fields, shows
great affinities with the Cupressaceae and specially with the
genus Protochamaecyparixylon Giraud. This is a monotypic
genus (P. klitzchii) from the Nandanga Formation (Upper
Triassic of the Karroo Series) from Tanzania.

Our specimen can confidently be identified with this spe-
Cies as all characters coincide, except the number of pits in

cross-fields which in present specimen are | to 2, while in the
African specimens their number is 2 to 4. But this seems to be
a very minor difference.

Family—PROTOPINACEAE

Genus—PROTOPHYLLOCLADOXYLON Kriusel,
1939

Protophyllocladoxylon cortaderitaensis Menéndez, 1956
Pi. 2, figs 3-6; Text-fig. 4

Type species—P. leuchsii Kriusel, 1939.

Description—Trunk of about | m diameter, with well-
marked growth rings. Tracheids have a rectangular outline,
approximately 57 wm (64-37 um) radially x 55 pm (58-23
pm) tangentially (Pl. 2, fig. 4). Transition from early to late
wood is gradual. On radial walls tracheids bear rounded, con-
tiguous, uniseriate araucarioid pits, with circular pore aper-
ture and biseriate contiguous, rounded to a few polygonal (hex-
agonal) pits as well as mixed pits (Krdusel, 1939) (Pl. 2, figs
3, 6; Text-figure 4). Cross-fields have only one pit without
areoles. Radial system is homogeneous. Rays are homocellular,
uniseriate (a few biseriate), low. Mean cell height is 2 with a
maximum of 4 (PI. 2, fig. 5).

Material—CTES-PB N° 10254, Sgo PB- N° [597 ;
CTES-PMP N° 2040-2042 (sections).

Locality—Quebrada El Carbon — Chile (see above).
Horizon—La Ternera Formation.
Age—Upper Triassic.

Discussion—The presence of mixed pits on the radial
tracheidal walls is the main character of the Family
Protopinaceae.

All the anatomical characters here described are coinci-
dent with Protophyllocladoxylon Kriusel, which has a large
biochron from the Upper Carboniferous to the Cretaceous.
and is known from Germany, Russia, Africa, Brazil and Ar-
gentina. Specifically, our material is undoubtedly assignable
to P cortaderitaensis Menéndez from the Upper Triassic
Barreal Formation of Argentina. With this species it shares
the simple punctuation of the cross-fields, the uni-, bi- and
mixed pits on the radial tracheid walls.

CONCLUDING REMARKS

It is interesting to remark that in spite of the rare Coni-
fers (sensu lato) impressions in the megafloras (only Rissikia
and Heidiphylliun have been recorded) these woods belong
to Gymnosperms.

The specimens are evidently allochthonous and surely
represent, at least partially, the upland flora which surrounded
the fluviatile areas into which they have been drifted. This
xylofiora is composed of already known genera and species,
in some cases with extra-gondwanic distribution (like
Prototaxoxylon and Protophyllocladoxylon); this is in sharp
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contrast with the “endemism™ shown by the leaf-impression
megafloras which presumably represent the “typical” floras
of each site or locality in our case different lowland associa-
tions of Dicroidium-flora. This fact shows once more that there
was stronger uniformity in upland forests. with a much wider
than usually accepted distribution of tree taxa. This seems to
be the case in many Triassic and Permian {loras. Recently two
of us (Crisafulli & Lutz, in press) have described a Permian
xyloflora from Uruguay where also several taxa of upland trees
ofl rather wide distribution are present, which are not repre-
sented by the leaf—impression flora (Herbst er al., 1992).

Other Permian flora from Brazil and India show the same
differential distribution between leaves and woods.
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ABSTRACT

Srivastava AK. Banubakode PD. Kale, VM, Paiil GV & Manik SR 1999. Lower Cretaceous plant
fossils from Bairam-Belkher area, District Amravati. Maharashtra and District Betul, Madhya Pradesh and
their significance in stratigraphy. Palacobotanist 48(1) : 39-48.

A plant fossil assemblage comprising of Matwoniditm indicum. Sphenopieris sp.. Cladophlebis indica,
Prilophyllum cuichense, P acutifolium, Taeniopreris spatilata, T. vittara, Pagiophyllsn sp., Bracliyphyllum
sp.. Araucarites cutchense, Elaiocladus wenerrimus, E. sp.. E. kingianus and Elatocladus sp. A has been
described from a new locality of Bairam-Belkher area in District Amravati, Maharashtra and District Betul,
Madhya Pradesh. Prilophyliunt and Matonidium are the most abundant genera in this assemblage. An at-
tempt has also been made to compare the present assemblage which show an affinity with the Lower Creta-
ceous assemblages of Peninsular India, i. e.. Himmatnagar, Gardeshwar, Gollapalle, etc. On the basis of
various taxa belonging to Bennettitales and Filicales, a warm and humid climate has been interpreted.

Key-words—Plant megafossils, Early Cretaceous. Upper Gondwana (India), Bennettitales, Filicales,
Cycadales.
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INTRODUCTION

HE sedimentary sequence exposed in the Bairam-Belkher

area is represented by the Gondwana and Lametas. The
sediments are about 100 m in thickness consisting of sand-
stone, shale and clay beds having a dip of 10°-15° north (Text-
figures 1, 2). The sequence, though reported a century back,
could not get much attention. The earlier workers have made
very casual comments where as in the past 2-3 decades, the
sequence has been locally studied because of the clay depos-
its having economic value (Arogyaswami, 1968). Blanford
(1869) first reported the sequence and correlated it with the
Mahadeva. Pascoe (1959) considered it as an inlier and cor-
related it with Kamathi and (?) Mahadeva. Adyalkar (1975)
and Bhusari (1979) ranked it Upper Triassic and equated with
Pachmari and Maleri. All the correlations made by these work-
ers are based on the lithological characters and no palaeonto-
logical evidences are taken into consideration. Kumar (1990),
for the first time, recorded spores and pollen from Belkher
area and considered it of Neocomian-Aptian age. Recently,
Srivastava ef al. (1995) collected a huge assemblage of leaf im-
pressions and considered them to be of Lower Cretaceous age.

The plant fossils have been recorded from the clay hori-
zons occurring as lenticular bodies in the sandstones. The clay
is exposed at various places, viz., Pandhari, Nimbhora, Kherali,

Bairam and Belkher showing variability in colours, i. e., dirty
white, grey, dark grey and black. However, dark grey coloured
clays of Bairam and Belkher have been found to be produc-
tive for plant fossil remains. The generalised stratigraphy of
the area is given in Table 1.

Table 1—Generalised stratigraphy of the area.

Age Formation/Group Lithology
Quaternary Soil and alluvium
---------------------------- Unconformity------=--=-=-mecemmmmmmeeno-
Miocene to Deccan Trap Nonporphyritic to

Late Cretaceous porphyritic basalt

Shale, limestone and
sandstone

Late Cretaceous  Lametas

Early Cretaceous Upper Gondwana Clay, shale, sandstone

and conglomerate

Archaeans Quartz-feldspathic

gneiss

The present paper deals with the identification and de-
tail description of the taxa. Since, all the recorded specimens

L T ATV YOV TR ST v v oy
T —VvvvvvvaVBAlRAMGHATV.
=VVVVVVVVVVVVVvvvvv2]

’evvvvvvvvvvVVVVVVvvaVvvvvvvvvvvvvv_
VvvvvvVVVVvV\IVVVVV77|38VVVVVVVVVVVVvvvaV0 KM 1

[flAaLLuviuM FLIMESTONE -SANDSTONI(E INTERBEDDED
WITH CLAY (GONDWANA)
[E:7]DECCAN TRAP [E=3SHALE LAMETA
EETISANDS TONE

Text-figure 1 —Geological map of the area (Srivastava er al.,

are in the form of impressions, therefore, only morphological
features have been taken into consideration. The comparison
of the present assemblage has been made with other known

1995 afier Gadewar & Sukhatankar, 1990).

equivalent assemblages. An attempt has also been made for
the correlation and assigning the age to the sequence. On the
basis of recovered and known taxa, the interpretation of the

PLATE 1

—

( Scale - onc centimeler)

’

1. Maronidinm indicum Sahni 1936, detached pinnae showing oval el-
evations on either side of midrib.

2. Taeniopteris spatdara (McClelland 1850) incomplete leaf showing
nature of lateral veins.

3. Elawocladus sp. A slerile twig.

4. Taeniopieris spatulata (McCleltand 1850) showing complele leaf.

5. Matonidinm indicton Sahni 1939, detached pinnae showing basal and

middle portion.

0. Elatocladus sp. cf. E. kingianus sterile twig.

7. Matonidium indicum Sahni 1939, fertile pinnae showing sori.

8. Cladopliebis indicum (Oldham & Morris) Sahni & Rao 1933 show-
ing venation pattern.

9. Brachyplyllum sp. leafy twig.
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VERY COARSE SANDSTONE/GRIT

MASSIVE SANDSTONE
VOILET SHALE

ALTERNATIONS OF BIOTURBATED SANDSTONE
AND FOSSILIFEROUS CLAY

MEDIUM TO COARSE SANDSTONE

THINLY BEDDED SANDSTONE WITH SHALE
CROSSBEDDED SANDSTONE

SANDSTONE WITH MINOR SHALE
FOSSILIFERQUS CLAY

GROSS & PARALLEL 3EDDED SANDSTONE

FOSSILIFEROUS CLAY

I mTVUOUC

CROSS & PARALLEL BEDDED SANDSTONE

< »2»50200

6)]

ARCHEAN

Text-figure 2—Detailed sedimentary log of Gondwana succession of Bairam
area.

palacoclimate has also been made.

All the samples are kept in the museum of the P.G. De-
partment of Geology, Amravati University, Amravati. The
Bairam-Belkher area is approachable from Achalpur (Ellichpur
in old records) via Nagpur at about 13 km on Betul road.

SYSTEMATICS

FILICALES
Genus—MATONIDIUM Schenk
MATONIDIUM INDICUM Sahni 1936
Pl I, figs 1,5, 7

Description — Pinnately compound leaf, size 12-14 cm
long and 2-3 cm wide. Pinna tends to become shorter at apex
and wider towards base. Rachis 1.0-1.5 mm wide. Pinnules

: PLATE 2

about a cm long, 2-3 mm broad at base, slightly falcate, ar-
ranged suboppositely, attached by whole base to the rachis
with an angle of about 50°-60". Margin entire. Apex bluntly
pointed, midrib distinct persisting upto apex. Veins arising
from base nearly at right angle, once forked.

Remarks—This is a frequently recorded taxa in the field,
however, our description is based on three part-counterpart
and two almost complete specimens. The present specimen
resembles M. indicum Sahni (1936; pl. 21, fig. 5; pl. 22 figs
1- 4) from Himmatnagar and also M. indicum Kumaran et al.
(1979; pl. 1, fig. 7) from Tarnetar in shape and venation pat-
tern except for the slight variation in the size.

UNCLASSIFIED FERN
Genus—SPHENOPTERIS Sternberg
SPHENOPTERIS sp.

PI. 2, fig. 4

Description—Single specimen representing frond meas-
uring 7 cm in length and 4.5 cm in width. Pinna rachis stout,
1.5 mm wide, pinnae arranged sub-oppositely with an angle
of 45%-50°. Lamina of pinnae is lobed and contracted towards
apex. Pinnules oval, alternately disposed, decurrent with
rounded apex, margin entire, measuring 5-6 mm, wide at base.
Veins arising from the base and diverging to its apex, forked
atleast once.

Remarks—The present specimen is identical to
Sphenopieris hislopi (Surange, 1964, fig. 73) from Rajmahal
Hills but differ in the size of the pinna and angle of the attach-
ment to the rachis. Difference in the venation pattern and shape
of the pinnules has also been noticed while comparing with
S. rajmahalensis (Surange, 1964, fig. 74). Our specimen also
resembles Sphenopteris sp. (Bose et al., 1979, fig. 2B) but
differs in having pinnules with finer veins.

Genus—CLADOPHLEBIS Brongniart

CLADOPHLEBIS INDICA (Oldham & Morris)
Sahni & Rao 1933

Pl. 1, fig. 8

Description—Two incomplete specimens with counter-
parts showing pinnately compound leaf having length 8-9 cm
and width [.5-2 cm, rachis | mm broad. Pinnules 1.0-1.2 ¢cm
long, about 0.3-0.4 cm broad near base, alternately atiached
at an angle of 40°-50°. Apex subacute, margin entire, midrib

(Scale - one centimeler.)

I Pagiophyllum sp. showing arrangement of leaf.

Elatocladus tenerrima (Feistmantel) Suhni 1928 showing arrangement
of leaves and midrib.

3. Prilophyllum curchense Morris 1840 showing distinet midrib and ar-

[S%]

rangement.

4. Sphenopteris sp. showing venation pattern.

S. Cladophiebis indicunm (Oldham & Morris) Sahni & Rao 1933 show-
ing details of pinnules (scale 0.5mm).
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prominent, persisting up to the apex. Veins arising at an angle
of 30%35° from the midrib, mostly forked. reaching up 10
margin.

Remarks—Our specimen resembies Cladophlebis indica
(Oldham & Morris) Sahni and Rao 1933 described by Banerji
(1990; pl. 1, fig. 4) from Dubrajpur Formation.

BENNETTITALES
Genus—PTILOPHYLLUM Morris
PTILOPHYLLUM CUTCHENSE Morris 1840
Pl. 2, fig. 3: P1. 3, fig. 3

Description—About a dozen specimens are present in
the collection. Leaves pinnately compound, size varies from
14-16 cm in length and 2.0-3.0 cm in width, rachis 0.1 c¢cm
wide. Pinnules 0.6-0.7 ¢m long, 1.5-2.0 mm broad, closely
arranged, opposite to suboppositely attached on the upper
surface of the rachis by whole base, apex obtuse, acroscopic
margin curved rounded, basiscopic margin almost straight.
Veins parallel, nearly 4-6 veins arises from the base, simple
or forked.

Remarks—The present specimen resembles P, curchense
of Banerji (1990; pl. 1, fig. 6) reported from the Lower Creta-
ceous of Dubrajpur except the smaller size of the pinnules; P.
cutchense of Bose et al. (1982; pl. 1, fig. 6) from the Gollapalle
Formation. It is one of the frequently occurring taxa in the
study area.

PTILOPHYLLUM ACUTIFOLIUM Morris 1840
Pl. 3, fig. 2

Description—Four incomplete specimens of pinnate
leaves are present. Size varies from 5-6 cm in length and 2-3
cm in width. Pinnules 1.5-2.0 ¢cm long, 2 mm broad at the
base, closely set, suboppositely attached by whole base on
the upper surface of 1 mm wide rachis with an angle of 45°-
50° Apex acute, acroscopic margin curved downward,
basiscopic margin straight. Venation parallel, 7-8 veins aris-
ing from base, simple or forked.

Remarks—Frequency of the species is comparatively less
than £, cutchense Morris in the present assemblage. It shows
resemblance with P. acutifolitm reported by Pandya and Sukh-
Dev (1990; pl. 1, fig. 8) from Lower Cretaceous of Gollapalle
Formation and the specimen of P. acutifolinm recorded by
Banerji (1990; pl. 1, fig. 8) from Lower Cretaceous of
Dubrajpur.

’ CYCADALES
Genus—TAENIOPTERIS Brongniart

TAENIOPTERIS SPATULATA McCelland 1850
Pl 1. figs 2,4

Description—Six incomplete specimens showing sim-
ple. linear lanceolate leaves, size varies from 13.5-14.0 cm in
length and 1.4 ¢cm in width. The width of lamina increases
gradually from the base and tapers towards apex. Apex ob-
tuse, margin entire, midrib prominent, 2-3 mm wide distinct
up to apex. Veins simple, parallel or forked arising from the
midrib with an angle of 84°-87°. Vein concentration 22-235 per
cm.

Remarks—The specimen matches with T. sparulata of
Pandya and Sukh-Dev (1990; pl. 1, fig. 4) from Lower Crela-
ceous of Gollapalle Formation.

TAENIOPTERIS sp. cf. T. VITTATA Brongniart
Pl. 3, fig.1

Description—Leaf simple. 3.5 cm in length and 2.5-3
cm in width. Lamina thin, margin appears to be entire, midrib
2 mm thick. Lateral veins originating from midrib making an
angle of 85%-88", simple or forked once. Concentration of veins
30-35 percm.

Remarks—Both the recovered specimens show only mid-
dle portion of the leaf. Margin of lamina is poorly preserved.
Venation distinct at places. However, on the basis of only a
few observable characters i. ¢.. parallel lateral venation and
shape of the lamina, it is comparable with T. vittara of Seward
(19915 fig. 332). The specimen is also comparable with the
photograph of T. virtara of Pascoe (1959; Jabalpur flora) in
respect of lamina width and parallel venation.

CONIFERALES
Genus—PAGIOPHYLLUM Heer
PAGIOPHYLLUM sp.

Pl. 2, fig. 1

Description—Leafy twigs, 3 cm long and 1 cm wide,
irregularly branched, branches 7-9 mm long and 2-2.5 mm
wide, emerging at an angle of 40°%-45". Leaves 2 mm long and
about I mm wide, spirally arranged. closely set, spreading
with different angles, apex acute, margin entire.

Remarks—There are three specimens with one counter
part. Itis closerto P. peregrinim (L & H) Schenk. Sahni (1928;
pl. II1, fig. 43), P sherensis Maheshwart er al., (1976; pl. 2,
fig. 8), P manvarensis, Bose er al., (1982; pl. I, figs 9, 12) in
their external characters, reported from Jurassic and Lower
Cretaceous bed of India. However, they differ in size and an-
ale of branching. They also resembles P. gollapallensis of
Pandya and Sukh-Dev (1990: pl. 1. fig. 7; pl. 2, fig. I5) ex-
cept the arrangement of leaves and thetr size. Duc to lack of
epidermal characters, the exact comparison is not possible.

BRACHYPHYLLUM Brongniart
BRACHYPHYLLUM sp.
Pl 1. fig. 9
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Description— Solitary leafy twig, branched, 4 cm in  (Feist.) Sahni (1928; pl. 2, fig. 23) from South Rewa, Madhya
length and 3 cm in width, branching at an angle of 50°-56°.  Pradesh but differs in size and arrangement of the leaves. It
Rhomboidal leaves, closely arranged, margin appears to be  also shows similarity with Brachyphvllum sp. described by
entire, apex acute. Bose et al., (1979; pl. 1, fig. 20) but exact comparison is not

Remarks—The specimen is closer o B. rhombicum  possible due to poor preservation.

PLATE 3
(Scale - one centimeter.)
L. Taeniopieris sp. cf. T. vittata Brongniart showing distinct midrib and nation pattern (scale - 0.5 cm).
venalion pattern. 4. Araucarites scale leaf.

[}

Priloplylium acutifolimn Morris 1840 showing arrangement of leaf 5. Araucarites cutchense Feistmantel 1876, scale leaf showing site of

and venation pattern. ovule attachment.

3. Prilophyllum cuichense Morris 1840 showing distinct rachis and ve-
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Genus—ARAUCARITES Presl. 1838
ARAUCARITES CUTCHENSE Feistmantcl 1876
PL.3, figs 4 &5

Description—Detached seed scale. 2.4 cm long, 1.4 cm
broad. truncated base 4 mm wide. rounded to subrounded tip,
seed ovate, surface of the scale showing fine longitudinal
striations, middle part of scale showing shallow depression
of seed measuring 10 x 5 mm.

Remarks—The described specimen closely matches with
A. curchense from Jabalpur (Sahni, 1928; pl. V, fig. 67) and
the specimen reported from the Lower Cretaceous of Tarnetar,
Gujarat ( Kumaran ef al., 1979, pl. 1, figs 11 & 12).

Genus—ELATOCLADUS Halle
ELATOCLADUS TENERRIMA (Feistmantel)
Sahni 1928
Pl. 2, fig. 2

Description—Single branched leafy twig, axis about |
mm thick. Linear leaves 0.8-1.0 cm long, approximately |
mm broad, uniformly from base to apex. Leaves spirally,
biserially arranged in one plane diverging at wide angle from
axis, measuring 70°-80°, attached by entire width of decurrent
leaf base. Apex obtuse, margin entire, midrib obscure, visible
at one or two places, persisting up 10 apex.

Remarks— Presence of linear and usually straight leaves
having obtuse apex and strongly decurrent base giving off at
wide angle shows that the present specimen belongs to E.
tenerrimus (Feistmantel) which was described by Sahni (1928:
pl. 1, figs 10, 1) but their cuticular features are not known.

ELATOCLADUS sp. cf E. KINGIANUS
Pl 1, fig. 6

Description—Solitary slender leafy twig with axis | mm
wide, leaves narrow, linear-lanceolate, 5-6 mm long, 0.5 mm
broad, spirally arranged. spreading out in two rows irregu-
larly at different angles in one plane. Base contracted, apex
acute. margin entire, mid-vein faintly marked.

Remarks—Present specimen shows morphological re-
semblance with E. lieteropliylia Halle (Seward, 1919; vol. 1V,
fig. 801) from Grahamland and E. sclioraensis of Maheshwari
and Kumaran (1976: pl. 1, fig. 4) from the Jabalpur Group. It
is more akin to E. kingianus of Bose er al., (1982; pl. 1, fig.
10) in size, shape and apex of the leaves.

, ELATOCLADUS sp. A
PL. 1, fig. 3
Description—Leafy twig, S ¢cm long and 2 c¢cm broad,

axis of the twig 1.5 mm wide. Leaves linear-lanccolate. 14
mm inlength and 1-1.5 mm in width. arranged in close spiral,

laterally spread in one plane, attached at an angle of 50°-6(.
Leaf base contacted, decurrent. Apex obtuse pointed. margin
entire, midrib distinct from base to apex.

Remarks—Present specimen matches with E. conferta
(O & M) Sahni (1928) in the shape of the leaves and angle of
the attachment. It also shows resemblance with £. fenerrimus
Sahni 1928 and E. pseudotenerrima described by Maheshwari
and Kumaran (1976) but differs in well spread out leaves and
apex.

DISCUSSION AND CONCLUSIONS

A total of thirteen taxa viz.. Maionidivm indictun.
Sphenopteris sp., Cladophlebis indica, Ptilophyllum
cutchense, P.acutifolium, Taeniopteris spanlata, T. vittata,
Pagiopliyllum sp. Brachypliyllum sp. Araucarites cutchense,
Elatocladus tenerrina, Elaiocladus sp. cf. E. kingianus and
Elatocladus sp. A have been described for the first time {rom
a new locality of Bairam-Belkher area of district Amravati,
Maharashtra and district Betul, Madhya Pradesh. The plant
fossils are preserved in the form of leaf impressions in the
clay horizons. These clays are in the form of lenticles or pock-
ets, interbedded with medium to coarse grained sandstones.

The assemblage is dominated by Bennettitales followed
by Filicales, Cycadales, Coniferales and unclassified ferns.
Ptilophylluni and Matonidinn are the two most dominant gen-
era in the assemblage.

Regarding the age and equivalence, the sequence was a
matter of debate. Earlier workers have correlated it with
Triassic on the basis of non-palaecontological criteria (Pascoe.
1959; Adyalkar, 1975; Bhusari. 1979) while Kumar (1990)
considered it Neocomian-Aptian on the basis of the
palynological studies. Recently, Srivastava er. al., (1995) have
assigned it Lower Cretaceous age on the basis of megafloral
remains.

The assemblage has been compared with the known as-
semblage from the Upper Gondwana succession of Peninsu-
lar India ranging in age from Upper Jurassic to Lower Creta-
ceous (Table 2). Most of the taxa presently reported are indi-
vidually less significant for assigning the age because of their
wide records from Upper Jurassic to Lower Cretaceous hori-
zons. However, presence of Conifers viz.. Pagiophyiliun,
Brachypliyllum, Elaiocladus and Araucariies show affinity
with Lower Cretaceous age. The dominance of Prilophyllnm
is also comparable with Upper Jurassic to Lower Cretaceous
assemblages of Dubrajpur and Jabalpur Formations.
Matonidiuni has been found to be one of the most commonly
recorded taxa and is comparable with the Lower Cretaceous
asscmblage of Himmatnagar showing dominance of the same
(Sahni. 1936). Considering the overall assemblage. i. e., di-
versity of Coniferales, dominance of Bennettitales and
Filicales, it has been assigned Lower Cretaccous age which
also supports the Neocomian-Aptian age as proposed by
Kumar (1990) on the basis of the pollen and spores.



Table 2—Comparison of the present plant fossil assemblage with other localities of Peninsular India ranging in age from Late Jurassic to Early Cretaceous.

Taxa/Locality Present Dubrajpur Gardeshwar  Gangapur Gollapalle Himmatnagar Jabalpur Tarnetar Umia
assemblage (Late Jura. to (Early Cret.) (Early Cret.) (Early Cret.) (Cret.) (Late Jura.to (Early Cret.) (EarlyCret.)
Early Cret. ) (Bose et al., (Bose et al., (Pandya & (Banerji et al., Early Cret.) (Kumaran (Pascoe 1959;
(Banerji 1990) 1979) 1982) Sukh Dev 1990) 1979) (Pascoe 1959, et al., 1979) Shah et al.,
1991; Bose ef 1991)
al., 1966)
Maronidium Abundant - - - - Abundant - + +
indicum
Sphenopteris sp. - - - + Common -
Cladophlebis + + + Common Common Common +
indica
Prilopliyllum Abundant +(*) - + + - + - +
cutchense
P acutifolivm + +(*) - - Common -
Taeniopteris Common +(*%) - - Common - +
spatulata
T. virata + +(*¥) - - - - + - +
Pagiophyllum sp.  + + Abundant + + + + - +
Brachphyllum sp.  + - Abundant - + - + - +
Araucarites + - + + + + + + +
cuichense
Elatocladus + + +(#%) + - + - +
lenerrimus
FElatocladus sp. + - - +(¥%) - - + - -
cf. E. kinglanus
Llatocladus sp. A + - + +(*%) - - + - -

+ Present; - Absent: * Sp. level not specified: ** Information up to genus level.
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It has been summarised that the climate was warm and
humid as interpreted on the basis of the luxuriant growth of
Bennettitales and Cycadales (Ramanujam, 1979). The domi-
nance of the cycadophytes also suggests the prevalence of
tropical to subtropical climate during the sedimentation as has
been proposed for the Dubrajpur Formation of Lower Creta-
ceous age by Banerji (1990). The palynological studies of
Kumar (1990) also supports the existence of the warm and
humid climate. The present palaeoclimatological interpreta-
tion also coincide with the generalised interpretation of
Surange (1964) of warm and humid climate during Lower
Cretaceous to Eocene age.
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ABSTRACT

Prasad M, Antal JS, Tripathi PP & Pandey VK 1999. Further contribution to the Siwalik flora from the
Koilabas area, western Nepal. Palacobotanist 48(1) : 49-95

The present study on fossil plants comprising well preserved leaf and fruit impressions from the

Siwalik sediments exposed near Koilabas in western Nepal is the first detailed and systematic work. The
floral assemblage recovered from these sediments is impoverished both in quality and quantity as consti-
tuted by 25 species belonging to 22 genera and 15 dicotyledonous families of angiosperms. This assemblage
adds significant data to the Siwalik Palaeobotany. On the basis of present assemblage as well as already
known data from the area. the palacoclimate, palacoecology and phytogeography of the area during Mio-
Pliocene in the Himalayan foot hills have been deduced. The significance of the physiognomic characters of
the fossil leaves in relation to climate has also been discussed.

Key-words—Leaf & fruit impressions, Angiosperm, Morphotaxonomy. Siwalik (Churia) Formation.
Palaeoclimate, Phytogeography, Koilabas. Nepal.
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INTRODUCTION fact, Nepal is a middle strip of Himulaya consisting of high

HE Kingdom of Nepal ts a land-locked country
physiographically sandwitched between China in the north
and India in the south. Nearly two-third of the country, in the
northern part, is hilly and one third is Terai plain in south
which constitute the northern edge of Indo-Gangetic plain. In

hills and plain areas which can physically be divided into fol-
lowing six zones namely, Terai plain. Midlands. Churia Hills.
Higher Himalayan zone, Mahabharat Hill and Inner Himalayan
Valley.

The fossiliferous locality, Koilabas (27"42": 82°20') lies

© Birbal Sahni Institute of Palacobotany. tndia
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Text figure 1— Showing location of Koilabas at Indo - Nepal Border,
western Nepal.

on the Indo-Nepal border in western Nepal. It is bounded by
Churia Hills towards north and Terai plain towards south. It is
easily approachable by road from both Nepal and India (Text-
figure 1).

Churia Hills rise abruptly to about 1300 m above the sea
level immediately to the north of the town Koilabas. The hills
are merged with Mahabharat range at many places except in
area where valleys are developed like Rapti Valley, Hetaura
Valley, Surkhet Valley and Dang Valley which lie just north of
the Koilabas.

The term ‘Siwalik Hills’ was introduced by Cautley in
1832 to designate the sub-Himalayan hill ranges occurring
between Ganga and Yamuna rivers, which yielded the memo-
rable vertebrate fossils around Haridwar. Falconer (1835) also
adopted this term to designate the nearly continuous Series of
Tertiary Formation stretching from Punjab down to Irrawadi.
Outcrop patterns more or less bounded by a major thrust, the
Main Boundary Fault (MBF) in the north and the Indo-
Gangetic alluvium on the south and generally 10-12 km wide
with a steep scarp towards south and a gentle slope on the north.

GENERAL GEOLOGY

The Siwaliks represent clastic sediments of fresh water
molasse which accumulated in a long narrow foredeep formed
to the south of the rising Himalaya in the third episode of
Himalayan uplift during Middle Miocene. These sediments
accumulated under four different environments like, lacustrine,
channel and flood plains, outwash plain and piedmont.

The Siwalik Formation ranges in age from Middle
Miocene to Middle Pleistocene and is underlain by the Lower
Tertiary-Upper Muree/Dharmsala sediments. On the basis of
lithology and palaeontological data it has been subdivided into
Lower, Middle and Upper Siwaliks. Lithologically, the
Siwaliks represent a great thickness of detrital rocks, such as
coarsely bedded sandstones, clays and conglomerates meas-
uring between 5000-5500 m in thickness.

The area of present study falls in Dang section of west-
ern Nepal Himalaya. In Nepal Himalaya the Siwalik Forma-
tion i1s often called Churia Group which lies south of the Main
Boundary Thrust (Text-figure 2). This group pinches in
Narayangarh and swollens in Nawalpur due to development
of valley and again itis thin in Butwal and thickens maximum
to Dang area where two valleys—Dang and Rapti valleys de-
veloped. The detailed lithology and stratigraphy of the Siwalik
(Churia) Group of Nepal have been given by Auden (1935),
Lehner (1943), Hagen (1959), Bordet (1961), Gleinnie and
Ziegler (1964), Ohta and Akiba (1973), Sharma (1977, 1980),
Kumar and Gupta (1981), Chaudhuri (1983), West (1984),
Tokuoka et al. (1986, 1988), Corvinus (1990), Appel er al.
(1991) and Quade et al. (1995).

The Churia Group has often been classified into two
formations : (i) Lower Churia Formation (sandstone facies),
and (ii) Upper Churia Formation.(conglomerate facies) by
Hagen (1959), Bordet (1961) and Gleinnie and Ziegler (1964).
However, a three fold lithostratigraphical classification of the
formation in the western Nepal Himalaya has been suggested
by Chaudhuri (1983). The Lower Churia Formation with an
average thickness of about 1800 m is composed of fine grained
green chlorite, biotite, muscovite, calcareous well bedded
indurated sandstones and siltstones. The sandstone is inter-
bedded with green nodular withering clay and siltstone and
yellow micaceous clay. Sometimes friable white to yellow
medium grained arkosic pebbly sandstones interbedded with
green to brown fine grained sandstones are seen in the upper
part of the formation. The gross composition of sandstone is
80% quartz, 10% muscovite, 5% biotite and black tourmaline
and opaque minerals 5%. The rocks generally show simple
current bedding.

The Upper Churia Formation consists mainly of boulder
pebble bed and loose micaceous sandstone exposed in south
of Lower Formation in Dang area, Trijuga area, and east of
Dharan. They are graded and cyclic in nature. The lower part
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Text figure 2—Showing Siwalik Formation in and around Koilabas area. (After Glennie & Ziegler, 1964).

is composed of rounded boulders consisting mainly of quartz-
ite cemented with clay.

The fossil locality Koilabas is situated in the Dang sec-
tion of the Churia Hills in western Nepal. In this area, the
Lower Churia Formation is observed from Koilabas to Darwaja
containing fine grained sandstone beds with variegated clay
and some pebbles. From Darwaja to Masot Khola the rocks
represent the Upper Churia Formation. In Garudbir pass the
Lower Formation is found thrusted above the Upper Forma-
tion (Sharma, 1977). According to Chaudhuri’s three fold di-
vision of Churia (Siwalik) Hills, this area from Koilabas to
Darwaja falls in Lower Churia (Siwalik) Formation and be-
yond Darwaja to Chor Khola onward the rocks are supposed
to be belonging to Middle Churia (Siwalik) Formation which
is predominantly arenaceous in nature,

Systematic study on plant megafossils especially leaf
impressions from Koilabas area has been carried out by
Tripathi & Tiwari (1983), Prasad & Prakash (1984), Prasad
(19904, b, 1994e). A number of taxa (about 55 taxa) have

been identified belonging to several dicotyledonous families.
With a view to generate more palaeobotanical data for pre-
cise reconstruction of Siwalik floristics and interpreting the
palaeoenvironment and phytogeography of the area, further
investigation of leaf and a fruit impressions collected from
Koilabas, western Nepal have been undertaken. The
morphotaxonomic study reveals the presence of some more
new taxa which have been discussed and described in the
present communication,

MATERIAL AND METHOD

The fossil locality Koilabas lies at Indo-Nepal border in
western Nepal (Text-figure 1). The sections belonging to the
Lower Siwalik beds containing excellently preserved leaf-im-
pressions are well exposed on both the sides of Koilabas Nala
(also known Dang Nala). The leaf-impressions are found both
on grey as well as brown calcareous shales but are more com-
mon and well preserved in the grey shale. A rich collection of
well preserved leaf-impressions was made from Dang Nala
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before Darwaja. More than 50 specimens of leaf-impressions
were collected and have been described in the present com-
munication.

The leaf-impressions are devoid of cuticles. They were
studied morphologically with the help of either hand lens or
low power microscope under reflected light. In order to iden-
ufy the leaf-impressions, a number of herbarium sheets of
extant taxa were examined at the herbaria of National Botani-
cal Research Institute, Lucknow, Forest Research Institute,
Dehradun and Central National Herbarium, Sibpur, Howrah,
West Bengal. The leaf-impressions have been described fol-
lowing the terminology given by Hickey (1973) and Dilcher
(1974).

The photographs of leaf-impressions showing various
morphological characters were taken on cut-film on Pan-phot
Camera. In almost all the cases the leaf-impressions have been
found closely resembling the modern leaves. The photographs
of the comparable modern leaves showing similar features were
also taken at the same magnification and have been pasted
along with those of the fossil leaves in plates to show close
similarity. All the figured specimens have been deposited at
the Post-Graduate Department of Botany, M.L.K. College,
Balrampur, Uttar Pradesh.

SYSTEMATICS

DICOTYLEDONS
Family—ANONACEAE
Genus—MILIUSA Leschen. Ex A.Dc.
MILIUSA SIWALICA sp. nov.
(PL. 1, fig. I; PL. 2, fig. 1)

Material—The present species is based on a well pre-
served incomplete specimen with its counter part which is
devoid of cuticle.

Description—Leaf simple. symmetrical, elliptic. pre-
served size 9.5 x 4.5 cm; apex broken; base indistinct: margin
entire; texture coriaceous: petiole not preserved: venation pin-
nate, eucamptodromous; primary vein (1°) single. prominent,
stout, slightly curved, thicker at the basal region; secondary
veins (2° 3 pairs visible. 0.8 to 3.5 ¢cm apart. curved up and
run upward to a greater length and joined to their superadjacent

PLATE 1

secondaries, angle of divergence about (40%) narrow acute.
alternate, seemingly unbranched: tertiary veins (3") fine, fairly
preserved, angle of origin AO-RR, percurrent. seemingly
unbranched, oblique to right angle in relation to midvein, pre-
dominantly alternate, close to distant. Further details could
not be seen.

Holorvype—Specimen no. K 20.

Localiry—Koilabas Nala section near Koilabas Village,
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.
Erymology—From the Siwalik Formation.

Affinities—The most characteristic features of the present
fossil leaf such as symmetrical elliptic shape, entire margin,
eucamptodromous, venation, the nature of secondary veins
which arise narrow acutely and run upward to a greater length
and percurrent. somewhat distantly placed tertiary veins indi-
cate that the present fossil leaf shows close resemblance with
the modern leaves of the genus Miliusa Leschen. ex A.Dc. of
the family Anonaceae. In order to find out the specific affin-
ity, the herbarium sheets of all the available species of this
genus were critically examined and concluded that the leaves
of Miliusa thoretii Finet & Gagnep. (C.N. Herbarium sheet
no. 14317) show closest affinity with the fossil leaf in shape,
size and venation pattern (Pl. 1, fig. 2; PI. 2, fig. 2).

Fossil records and comparison—So far, there is no record
of any fossil leaf resembling the genus Miliusa from the Ter-
tiary sediments of India and Nepal. The present fossil leaf
forms its first record from the Siwalik sediments of Koilabas.
Nepal and is being described herewith as Miliusa siwalica sp.
nov., the specific epithet indicates its occurrence in the Siwalik
sediments.

The genus Miliusa Leschen ex A.Dc. consists of about
40 species distributed mostly in Indo-Malayan region and
Australia. Out of which, 7 species are Indian. Miliusa thoretii
Finet & Gagnep with which fossil shows close resemblance
grows in India mainly in Sikkim, Khasi Hills, Travancore.
Mysore, Kanara and Konkan (Willis, 1973: Gamble. 1972).

Genus—ANONA Linn.
ANONA KOILABASENSIS sp. nov.
(PL I, figs 3-5)

(Al figures are of natural size unless otherwise mentioned )

I Milinsa snvalica sp. nov. - Fossil leal showing shape. size and vena-
tion pattern.

2. Miliusa thorerii Finet & Gagnep - Modern leal showing similar, shape.
size and venation pattern.

3. Anona koilabasensis sp. nov. - Fossil leaf showing shape. size and
venation pattern.

4. Anona koilabasensis sp. nov. - Another 1ossil leaf showing variation

in shape, size and nature of base.

[

Anona koilabasensis sp. nov. -

details of venation. x 1.75.

6. 7. Sccuridaca miocenica Prasad er al. - Fossil leaves showing shape.
size and nature of base. apex and venation pattern.

8. Secnridaca inappendiculara Hask. - Modern leal showing simitar

shape. size and nature of base and apex and venation pattern.

A part of fossil feal magnilicd 1o show
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Material—It consists of 5 specimens of different sizes.
They are well preserved and devoid of cuticles.

Description—Leaves simple, symmetrical, narrow ellip-
tic, preserved size 5.0 x 2.2 cmand 10.5 x 4.0 cm; apex slightly
broken; base obtuse, normal; margin entire; texture
chartaceous; petiole indistinct; venation pinnate,
eucamptodromous; primary vein (1°) single, prominent, stout,
curved in apical portion, uniform in thickness; secondary veins
(2% about 14 pairs visible, 0.8 to 2.0 cm apart, curved up and
Jjoined to their superadjacent secondaries, angle of divergence
mainly right angle to acute (85° to 55°) usually alternate some-
times opposite, rarely branched; intersecondary veins present,
simple, abundant; tertiary veins (3°) fine, abundant, angle of
origin usually RR, percurrent, straight to sinuous, sometimes,
branched, oblique in relation to midvein predominantly, alter-
nate, close to nearly distant.

Holotype—Specimen no. K 25.

Localiry—Koilabas Nala section near Koilabas Village,
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.
Erymology—From the type locality of Koilabas.
Pararype—Specimen nos. K 22, 23, 26, 27.

Affinities—The diagnostic features of the present fossil
leaves are symmetrical narrow elliptic shape, obtuse base,
entire margin, eucamptodromous venation, abundant simple
intersecondary veins, right angle to acute angle of divergence
of secondary veins, percurrent sometimes sinuous and close
to nearly distant tertiary veins. These features collectively in-
dicate that the fossil leaves belong to the family Anonaceae.
Critical examination of the herbarium sheets of a number of
genera of this family it was found that the leaves of the genus
Anona Linn. show nearest affinity with the fossil leaves. Al-
though the modern leaves of a few species of Mitrephora (Bl.)
Hook.f. & Th. and Polyalthia Bl. also show resemblance in
having intersecondaries as well as in nature of secondary veins,
but they differ in the course of tertiary veins.

A comparative study of all the available species of the
genus Anona Linn. was done and concluded that the leaves of
Anona laurifolia Linn. (C.N. Herbarium sheet nos. 11668 and
11667) show closest affinity with the fossil leaves in shape,
size and venation pattern. In both modern and fossil leaves
the intersecondaries are frequent and the tertiaries are straight
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to sinuous.

Fossil record and comparison—As far as the author is
aware there is no record of fossil leaves of the genus Anona
Linn. from Tertiary sediments of India, and abroad. The present
leaf-impressions from Siwalik sediments of Koilabas form the
first fossil record and hence is being described as a new spe-
cies, Anona koilabasensis.

The genus Anona Linn. consists of about 120 species
distributed in tropical regions. Only four introduced fruit spe-
cies are found to grow in India (Willis, 1973). The modern
comparable taxon Anona laurifolia Linn. is a medium sized
evergreen tree distributed in south east Asian regions, espe-
cially in Java (Backer & Brink, 1963).

Genus—FISSISTIGMA Griff.
FISSISTIGMA MIOELEGANS sp. nov.
(Pl. 6, figs 3, 4, 6)

Material—This species is based on two leaf-impressions
which are almost complete and devoid of cuticles.

Description—Leaves simple, almost symmetrical, nar-
row elliptic; preserved size 7.5 x 2.2 ¢cm and 7.0 x 2.0 cm;
apex acute; base obtuse; margin entire; texture thick
chartaceous; venation pinnate, eucamptodromous; primary
vein (1°) single, prominent, stout, almost straight; secondary
veins (2°%) about 12 pairs visible, 0.4 t0 0.9 cm apart, alternate
to sub-opposite, angle of divergence about 60°, acute, moder-
ate, uniformly curved up; seemingly unbranched,
intersecondary veins present, simple, rare; tertiary veins (3%
fine, poorly preserved, angle of origin usually RR, percurrent
straight to sinuous, branched, oblique in relation to midvein,
predominantly alternate and close.

Holorype—Specimen no. K 16.
Pararype—Specimen no. K 4.

Locality—Koilabas Nala section near Koilabas Village.
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—From extant species Fissistigma elegans
plus prefix ‘Mio’.

Affinities—The most important characters exhibited by
the present fossil leaves such as narrow elliptic shape, acute

_—
(All figures are of natural size unless otherwise mentioned)
L. Miliusa siwalica sp. nov. - A part of fossil leaf magnified 10 show and nature of base, apex and details of venation.
details of venation. x 2. 5. Gynocardia odorata R. Br. - Modern leaf showing similar shape, size,
2. Miliusa thoretii Finet & Gagnep - A part of modern leaf magnified 1o and venation pattern.
show similar details of venation. x 2. 6. Garcinia nepalensis sp. nov. - Fossil leaf showing. shape. size. apex

3,4. Gynocardia mioodoraia sp. nov. - Fossil leaves showing shape, size

and its venation pattern.
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apex, obtuse base, entire margin, eucamptodromous venation,
moderate acute angle of divergence of secondary veins, pres-
ence of intersecondary veins, and percurrent, straight to sinu-
ous tertiary veins indicate its resemblance with the modern
leaves of the genus Fissistigma Griff. of the family Anonaceae.
After a detailed comparison of the present fossil leaves with
all the available species of this genus it is concluded that the
fossils come closer to Fissistigma korthatlaii Mig., F.
manubreatum Hook.f. and F. elegans Hook.f. Th. Further, a
critical examination of the herbarium sheets of these species
suggests that the leaves of F elegans Hook.f. Th. show clos-
est affinity with the fossils (C.N. Herbarium sheet no. 13815;
Pl. 6, figs 5, 7). The leaves of other two species can be
differentiated in having more number of secondary veins;
Moreover their course and arrangement also differ from
fossils.

Fossil record and comparison—So far, three fossil
leaves resembling the genus Fissistigma Griff. have been
described from the Siwalik sediments of India and Nepal.
Lakhanpal (1969) described a fossil leaf as Fissistigma senii
from the Siwalik sediments of Jawalamukhi, Himachal
Pradesh. Same species has also been reported by Prasad et
al. (1997) from the Siwalik sediments of Seria Naka at Indo-
Nepal Border in Gonda District of Uttar Pradesh. Both these
feaf-impressions have been compared with the extant
Fissistigma wallichii (Hook.. & Th.) Merill and have been
found different from the present fossil leaves in the nature
of secondary veins which arise more acutely and run upward
to a little distance. In 1992, Lakhanpal and Awasthi reported
a fossil leaf under Fissistigma siwalika from the Siwalik
sediments of Jawalamukhi, Himachal Pradesh, India. This
fossil is large in size (14.5 x 5.3) having oblanceolate shape
and rounded apex. So it is also different from the present
fossils. As the present fossils are entirely different from al-
ready known species, they have been described as a new
species, Fissistigma mioelegans.

The genus Fissistigma Griff. contains about 60 species
distributed in tropical Africa, China, northeast Australia and
in Indo-Malayan region (Willis, 1973). F. elegans Hook f. &
Th. with which the fossils show closest resemblance is a large
climber widely distributed in Malaya peninsula, Malucca and
Penang (Ridley, 1967).

Family—POLYGALACEAE
Genus—SECURIDACA Linn.
SECURIDACA MIOCENICA Prasad er al. 1997

' (PI. 1, figs 6, 7)

Material—This species is based on two specimens. The
specimens are somewhat poorly preserved but almost com-
plete and devoid of cuticles.

Description—Leaves simple, slightly asymmetrical, el-
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liptic; preserved size 6.5 x 3.2 cm and 7.5 x 3.1 cm: apex
acute to seemingly acuminate; base obtuse, slightly
inequilateral; margin entire; texture thick chartaceous; peti-
ole broken; venation pinnate, eucamptodromous; primary vein
(19 single, prominent, stout, slightly curved; secondary veins
(2°)9-10 pairs, 0.6 to 1.2 cm apart. uniformly curved up. an-
gle of divergence 50-60° moderately acute, sometimes
branched, alternate 10 opposite; intersecondary veins present,
frequent, simple; tertiary veins (3") very fine, angle of origin
usually AQ, percurrent, almost straight, sometimes branched
oblique in relation to midvein, predominantly alternate and
close.

Holotype—Specimen no. K 32.
Pararype—Specimen no. K 39.

Locality—-Koilabas Nala near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Affinities—The elliptic shape. acute to acuminate apex,
obtuse base, entire margin, moderate acute angle of divergence
of secondary veins, presence of frequent intersecondary veins
and percurrent tertiaries are the diagnostic features of the
present fossil leaves. Besides, the present fossil leaves are also
characterised by slightly unequal base as well as lamina on
either side of midrib. These features collectively indicate that
the present fossil leaves shows closest resemblance with the
modern feaves of Securidaca inappendiculaia Hask. (C.N.
Herbarium sheet no. 36383; PIl. 1. fig. 8) of the family
Polygalaceae.

Fossil record and comparison—Three fossil leaves re-
sembling the extant taxa Securidaca inappendiculaia have
been described so far under Securidaca miocenica from the
Siwalik sediments of Seria Naka at Indo-Nepal Border in
Gonda District of Uttar Pradesh (Prasad er al., 1997). The
present fossil leaves also come closest with the above known
fossil leaves and hence they are described under the same spe-
cies Securidaca miocenica Prasad er al.

The genus Securidaca Linn. comprises 80 species dis-
tributed all over tropics exclusively Australia. Only one spe-
cies is found in India (Willis, 1973). The modern compara-
ble taxon Securidaca inappendiculaia Hask. is a large woody
climber growing in the moist deciduous forests of eastern
Bengal, Aracan, and Tenasserim. It is also found in the
Kochin Hills near Myitkyina and Java (Gamble, 1972;
Hooker, 1872).

Family—FLACOURTIACEAE
Genus—GYNOCARDIA R. Br.

GYNOCARDIA MIOODORATA sp. nov.
(P1. 2, figs 3,4)
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(All figures are of naturai size unless otherwise menuoned)
.20 Garcua nepalensis sp. nov - Fossil leaves showing. shape, size and S. Isoptera snvalica sp. nov. - Fossil leaf showing shape. size. nature of
venation pattern. base und 1ts venation pattern
Garcinia cowa Linn. - Modern feal showing similar. shape, size and 6. Isoptera borneonsis sp. nov. - Modern leafl showing similar. shape,
venation pattern size and venauon pattern.
Garcona nepalensis sp nov. - A part of fosstl leal magnified to show 7 Isoptera siwalica sp. nov. - A part of fossil leaf magnified o show

details of venation. x 3. detatls of venation pattern. x 2.
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Material—The present species is based on two well pre-
served leaf-impressions. Of them, one is almost complete and
the other is broken at apex. The leaf-impressions are devoid
of cuticles.

Description—Leaves simple, symmetrical, elliptic, pre-
served size 9.0 x 4.0 cm and 9.0 x 5.0 cm; apex slightly bro-
ken. seemingly acute; base acute; margin entire; texture
chartaceous; petiole not preserved; venation pinnate,
eucamptodromous to nearly brochidodromous; primary vein
(19) single, prominent, stout, almost straight; secondary veins
(2°) 6 pairs visible, 0.7 to 3 cm apart, uniformly curved up
and joined to their superadjacent secondary, sometimes form-
ing loop in the apical portion. angle of divergence about 60°,
moderate acute, alternate to sub-opposite, seemingly
unbranched; tertiary veins (3% still fine. angle of origin RR,
percurrent, the tertiaries arise from midrib looking like a
intersecondary veins but they join the secondary veins arising
below them; sometimes branched, oblique to right angle in
relation to midvein, predominantly alternate and close to dis-
tant. Further details could not be seen.

Holotype—Specimen no. K 40.
Paratype—Specimen no. K 55.

Localiry—Koilabas Nala section near Koilabas Village,
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—From the extant species G. odorata plus
prefix *Mio’ for its Miocene age.

Affinities—The present fossil leaves are characterised by
symmetrical, elliptic shape, acute apex and base, entire mar-
gin. eucamptodromous to brochidodromous venation, mod-
erate acute angle of divergence of secondary veins, RR, close
to distant having oblique to right angle in refation to midvein,
percurrent tertiaries. The nature of tertiary veins arising from
midrib giving an appearance of intersecondary veins is also
an important distinguishing character. After a detailed study
of the herbarium sheets of different families it was found that
the above features are found in the modern leaves of
Gynocardia odorata R Br. of the family Flacourtiaceae (C.N.
Herbarium sheet nos. 33497, 33499; Pl. 2. fig. 5).

Fossil record and comparison—So far, there is no record
of fossil leaf of the genus Gynocardia R.Br. from the Tertiary
sediments of India and abroad. Thus, present fossil leaves form
the first record from the Siwalik sediments of Nepal and have
been described here as Gynocardia mioodoraia sp. nov.

The genus Gynocardia R.Br. consists of only one spe-
cies G. odoraia R.Br. with which the present fossils show close

PLATE 4

resemblance. It is moderate sized evergreen tree distributed
in northern and eastern Bengal and Assam; Chittagong and
Myanmar. lts wood is used in Chittagong for planking and
posts and the pulp of the fruit in Sikkim to poison the fishes
(Gamble, 1972).

Family—CLUSIACEAE
Genus—GARCINIA Linn.
GARCINIA NEPALENSIS sp. nov.
(P1. 3, figs 1, 2, 4; PL. 2, fig. 6)

Material—The present species consists of two specimens
which are almost complete with some cuticular remains.

Description—Leaves simple, almost symmetrical, nar-
row elliptic, preserved size 7.7 x 2.1 cm and 7.8 x 2.5 cm;
apex slightly broken, seemingly acute; base acute: margin
entire; lexture coriaceous; petiole preserved, small, 0.3 cm
visible, normal; venation pinnate, eucamptodromous; primary
vein (1) single, prominent, stout, almost straight; secondary
veins (2°) more than 20 pairs visible, closely placed, less than
0.5 cm apart, angle of divergence about 55° acute, moderate,
almost uniformly curved up, alternate to opposite, sometimes
branched, intersecondary veins present, simple, frequent, 2-3
intersecondaries in between two secondary veins; tertiary veins
(3% fine abundant, poorly preserved, angle of origin AQ,
percurrent, almost straight, branched. oblique in relation to
midvein, alternate to opposite and close. Further details could
not be seen.

Holorype—Specimen no. K 31.
Paratype—Specimen no. K 62.

Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—From country name to which fossil locality
belongs.

Affinities—The diagnostic features of the present fossil
leaves such as narrow elliptic shape, acute base and apex.
entire margin, closely placed secondaries and presence of
intersecondary veins collectively suggest its resemblance with
the family Clusiaceae. These features are found common in
the genera. Kavea Wall., Calophyllum Linn. and Garcinia
Linn. of this family. Critical examination of the herbarium
sheets of these genera and the present fossils revealed that the
leaves of Calophyllum Linn. differ in the angle of secondary
veins which is almost right angle. The genus Kavea Wall. can
be differentiated in being larger size with more angle of diver-

Dipterocarpus koilabasensis sp. nov. - Fossil leaf in natural size showing shape, size and venation pattern.
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gence of secondary veins. The only genus Garcinia Linn.
comes closest with the present fossils. Further, in order to find
out the nearest species a number of herbarium sheets of all the
available species (about 20) were studied in detail and con-
cluded that the leaves of Garcinia cowa Linn. resembles the
present fossil leaves in shape, size and venation pattern (C.N.
Herbarium sheet no. 46192; P. 3, fig. 3).

Fossil record and comparison—The fossil leaves resem-
bling the genus Garcinia Linn., known so far, are Garcinia
borooahii Lakhanpal and Garcinia sp. Lakhanpal & Bose from
Eocene of Barmer sandstones, Kapurdi, Barmer District,
Rajasthan (Lakhanpal, 1964; Lakhanpal & Bose, 1951), G.
neyveliensis Agarwal from Neyveli lignite (Miocene), south
India (Agarwal, 1991) and G. palaeoluzoniensis Awasthi &
Mehrotra (1995) from the Oligocene of Makum Coalfield,
Assam, India. Besides, G. eucambogia Prasad from Siwalik
sediments of Kathgodam Uttar Pradesh, (Prasad, 1994c¢), G.
kasaulica Arya & Awasthi from the Kasauli beds, Himachal
Pradesh, (Arya & Awasthi, 1995) and G. corvinusiana Prasad
& Awasthi from Siwalik sediments of Surai Khola, western
Nepal (Prasad & Awasthi, 1996) are also recorded. The present
fossil leaves have been compared with all the above known
species and found that they are different either in having wide
elliptic shape or in the nature and arrangement of secondary
veins. In being different with all the known species the present
fossil leaves are described as a new species G. nepalensis.

The leaf cuticles of the genus Garcinia Linn. have also
been recorded from lignite beds (Miocene) of Ratnagiri Dis-
trict, Maharashtra (Dalvi & Kulkarni, 1982: Kulkarni & Dalvi,
1981) and its fossil woods are known from Deccan
Intertrappean beds of Shahpura, Madhya Pradesh, India.

The genus Garcinia Linn. consists of about 400 species
of trees and shrubs distributed in the tropical regions of Asia
and South Africa (Willis, 1973). Of which, 36 species are found
in India. Garcinia cowa Linn., with which fossil shows clos-
est resemblance, is a tall evergreen tree found in the ever-
green forests of eastern Bengal, Assam, Chittagong. Myanmar
and the Andaman Island (Gamble, 1972).

Family—DIPTEROCARPACEAE
Genus—DIPTEROCARPUS Gaertn.

PLATE 5

DIPTEROCARPUS KOILABASENSIS sp. nov.
(Pl 4. fig. 1)

Material—The present species is based on a single well
preserved leaf-impression which is devoid of cuticles.

Description—Leaf simple, symmetrical, narrow elliptic:
preserved size 21.0 x 11.0 cm; apex broken; base obtuse:
margin entire; texture coriaceous; petiole not preserved; ve-
nation pinnate, craspedodromous to eucamptodromous; pri-
mary vein (1°) single prominent, stout, almost straight; sec-
ondary veins (2% about 16 pairs visible, 0.5 10 1.7 ¢cm apart:
Lowermost pair arise, closely and the rest are almost al same
distance. curved up almost straightly before joining the mar-
gin or their superadjacent secondaries, angle of divergence
about 55° acute, moderate, alternate to opposite seemingly
unbranched; tertiary veins (3°) fine, abundant, angle of origin
usually RR, percurrent, straight, sometimes branched. oblique
in relation to midvein, predominantly alternate and close.

Holotype—Specimen no. K 5.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—After the fossil locality—Koitabas. from
where the specimens were collected.

Affinities—The large size of the leaf having narrow el-
liptic shape, obtuse base, entire margin, coriaceous texture,
craspedo- to eucamptodromous type of venation, course of
secondary veins which run straightly upward with moderate
acute angle of divergence and percurrent, straight tertiary veins
altogether undoubtedly indicate its resemblance with the mod-
ern leaves of the genus Diprerocarpus Gaertn. of the family
Dipterocarpaceae. The herbarium sheets of all the available
species of this genus (about 22) have been critically exam-
ined in order to find out the nearest specific affinity. A de-
tailed comparison revealed that most of the species could not
be differentiated from each other easily on the basis of leaf
size, shape and venation pattern. However, amongst the avail-
able 22 modern species, Dipterocarpus wrbinatus Gaertn.f.
(C.N. Herbarium sheet no. 50480) shows closest similarity

—

(All figures are of natural size ufifess otherwise mentioned)

1 Shorea ewtrapizifolia sp. nov. - Fossil leat showing shape, size and
venation patiern.

2, 3. Shogea ewrrapizifolia sp. nov, - Other fossil leaves showing variation
in shape. size and nature of buse.

4. 5. Shorea mrapizifolia (Thw.) Ashton - Modern leaves showing similar
variation in shape. size and nature of base.

6. Shorea eutrapizifolia sp. nov. - A part of fossil leaf magnified to show
details of venation. x 3.5.

7 Shorea trapizifolia (Thw.) Ashton - A purt of modern leaf magnified

to show similar details of venation. x 3.5.

8,9, Brucea darwajensis sp. nov. - Fossil leaves showing shape. size and
nature of base and apex.

10, Brucea mollis Wall. - Modern leaf showing similar shape. size. nu-
ture of base and apex.

Ll.  Brucea darwvajensis sp. nov. - A part of fossil leaf magnitied 1o show
details of venution. x 2.5.

12, Brucea mollis Wall. - A part ol mmodern leaf magnified to show simi-
lar details of venation. x 2.5
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with the present fossil leaf in all morphological characters.

Fossil record and comparison—A number of fossil leaves
showing close similarity with the genus Dipterocarpus Gaertn.
have been described from the Tertiary sediments of both In-
dia and abroad. They are Diprerocarpus antiquus Heer and
D. atavinus Heer from the Tertiary of Sumatra (Heer. 1883);
D. labuanus Geyler, D. nordenspioldi Geyler and
Dipterocarpits sp. from the Tertiary of Labuan (Geyler, 1887);
Phyllites dipterocarpoides Cric 1888 from the Pliocene of
Java, D. siwalicus Lakhanpal & Guleria 1987 from the Siwalik
sediments of Jawalamukhi, Himachal Pradesh. This species
has also been described from Siwalik sediments of Koilabas,
western Nepal (Prasad. 1990b), Surai Khola, western Nepal
(Awasthi & Prasad, 1990) and Kathgodam, Uuar Pradesh,
India (Prasad, 1994c¢). On comparing the present fossil with
the above already known species, it has been observed that it
does not show similarity with any of them. The present fossil
leaf differs from most of them in being larger in size. The
course of secondaries is also not common in any of the above
specimens. This has, therefore, been described as a new spe-
cies Dipterocarpus koilabasensis.

The genus Diprerocarpus Gaertn. contains about 76 spe-
cies distributed in India and western Malaysia (Willis, 1973).
Out of which, 17 species are Indian and 5 are endemic in
Ceylon. Two are found in south India and rest in eastern Ben-
gal, Myanmar and Andaman Island. The extant species
Dipterocarpus turbinatus Gaertn.f., with which the fossil
shows closest affinity, is a large evergreen tree occurring in
the forest of Cachar and Chittagong Hills. It is also common
in the tropical forest throughout Myanmar (Gamble, 1972).

Genus—ISOPTERA Scheff. Ex Br:
ISOPTERA SIWALICA sp. nov.
(P13, figs 5,7)

Material—This consists of only one well preserved speci-
men which is complete and devoid of cuticles.

Description—Leaf simple, symmetrical, narrow elliptic;
preserved size 9.2 x 3.3 cm; apex slightly broken, seemingly
acute: base obtuse, slightly inequilateral; margin entire; tex-
ture thick, chartaceous; petiole not preserved; venation pin-
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nate, eucamptodromous; primary vein (1°) single, prominent,
stout. thicker towards basal region, straight; secondary veins
(2°) about 10 pairs visible, 0.5 to 1.8 cm apart, angle of diver-
gence 60°-65° acute moderate, alternate, uniformly curved
up, curving more pronounced near the margin, run upward to
a little distance joining to the superadjacent secondaries,
unbranched; tertiary veins (3"} moderate in thickness, not so
abundant, angle of origin RR, percurrent, mostly straight some-
umes sinuous, rarely branched, oblique in relation to midvein
prominently alternate and close to nearly distant. Further de-
tails are not clearly seen.

Holorype—Specimen no. K 50.

Locality—Koilabas Nala section near Imlibasa, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik. Middle Miocene.
Erymology—After the Siwalik Formation.

Affinities—The most important features of the present
fossil leaf are narrow elliptic shape, acute apex. obtuse,
inequilateral base, eucamptodromous venation, straightly run-
ning upward secondary veins whose curvature is pronounced
near the margin, percurrent and close to distant terpiary veins.
These features collectively indicate that the fossil leaf belongs
to the genus [soprera Scheff. ex Br. of the family
Dipterocarpaceae. In the genus Isoprera Scheff ex Br. only
two species were available for consultation in the C.N. Her-
barium, Sibpur, West Bengal. However, after a detailed com-
parison of fossil leaf with the extant leaves of this genus it
was found that the leaves of Isoptera borneonsis show closest
affinity with the fossil (C.N. Herbarium sheet no. 52123: Pl
3. fig. 6).

Fossil record and comparison—So far there is no record
of fossil leaves of Isoptera Scheff. ex Br. from the Tertiary
sediments of any part of the world. Therefore, it has been de-
scribed as Isoptera siwalica sp. nov., the specific epithet indi-
cates its occurrence in the Siwalik sediments.

The genus Isopiera Scheff. ex. Br. contains only three
species found to grow in tropical forests of western Malaysia
(Willis, 1973). Isoptera borneonsis with which the fossil speci-
men shows closest affinity, is an evergreen tree distributed in
the forest of Myanmar, Java and Sumatra.

(All figures arc of natural sizc unltess otherwisce mentioned)

! Aglaia nepalensis sp. nov. - Fossil leaf showing shape. size and vena-

non pattern.

Aglaia nepaiensis sp. nov. - A part of fossil lcal magnified 10 show

details of venation. x 2.2,

3.4 Fissistigma mivelegans sp. nov. - Fossil leaves showing shape. size.
nature of base, apex and venation pattern.

5. Fissistigma elegans Hook.I. & Th. - Modern leaf showing similar
shupe. size and venation pattern.
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6. Fisxistigma mioclegans sp. nov. - A part of fossil leaf magnified o
show details of venation. x 2.5,

7 Fissistigma elegans Hook.F. & Th. - Apart of modern leaf magnificd
1o show similar details of venation. x 2.5.

8. Nephelivm palacoglabrum Prasad er al. - Fossil leaf showing shape.
size and venation pattern.

9. Nephelium glabrum Noronh. - Modern leaf showing similar shape,

size and venation pattern.
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Genus—SHOREA Roxb.
SHOREA EUTRAPIZIFOLIA sp. nov.
(PL.5, figs 1, 2,3,06)

Material—This species is based on three leaf-impressions
which are devoid of cuticle.

Description—Leaves simple, symmetrical, elliptic to nar-
row elliptic; preserved size 4.4 x 2.3cm, 5x2.2cmand 5.5 x
2.0 cm; apex seemingly acute; base acute to obtuse; margin
entire; texture coriaceous: petiole not preserved; venation pin-
nate, eucamptodromous; primary vein (1°) single, prominent,
stout, almost straight; secondary veins (2°) about 8 pairs vis-
ible, 0.4 10 0.8 cm apart, angle of divergence about 60°, acute
moderate, uniformly curved up, usually alternate, seemingly
unbranched, intersecondary veins present, simple: tertiary
veins (3% fine, poorly preserved, angle of origin usually RR,
percurrent, almost straight, sometimes branched, oblique in
relation to midvein, predominantly alternate and close. Fur-
ther details could not be seen.

Holorype—Specimen no. K 9.
Paratype—Specimen nos. K 44, 19.

Localiry—Koilabas Nala section just before Imlibasa,
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—From the extant species Shorea trapizifolia
plus the prefix ‘eu’.

Affinities—The characteristic features of the fossil leaves
such as elliptic to narrow elliptic shape, acute apex, acute to
obtuse base, entire margin, eucamptodromous venation, mod-
erately acute angle of divergence of secondary veins, pres-
ence of intersecondary veins and RR, percurrent tertiaries
indicate that these are closest to the extant Shorea trapizifolia
(Thw.) Ashton of the family Dipterocarpaceae (C.N. Her-
barium sheet no. 29; P1. 5, figs 4, 5. 7).

Fossil record and comparison—Seven fossil leaves re-
sembling the genus Shorea Roxb. have been described from
the Tertiary sediments of India and abroad. Seward (1935)
reported two leaves under the form genus
Dipterocarpophyllum, D. blumii and D. gerativense from
the Tertiary of Egypt showing resemblance with the extant
genus Shorea Roxb. Merrill (1923) described two fossil
leaves, viz., Shorea guiso and S. polyspermum from the
Pliocene of Philippines. Recently, three more fossil leaves
have been reported from the Siwalik sediments of India.
These are Shorea siwalika Antal & Awasthi (1993) from
Siwalik sediments of Ramthi River, Darjeeling District, West
Bengal; Shorea neoassamica Prasad (1994c¢) from the
Siwalik sediments of Kathgodam, Uttar Pradesh and Shorea
miocenica Antal & Prasad (1996b) from Ghish River near
Oodlabari, Darjeeling District, West Bengal. The present
fossil leaves have been compared with all the above known
species and found that these are different from them in being
smaller in size having intersecondary veins. The course of
secondary and tertiary veins is also different from them. Thus.
in being different, the present specimens have been described
under a new specific name Shorea eutrapizifolia.

The genus Shorea Roxb. contains about 180 species
distributed from Ceylon to South China, western Malaysia
and Malaccas. Out of 12 species in which five are endemic
in Ceylon, three are found in Myanmar, two in south
India, one in Assam and one in the well known Sal forest in
northern and central India. Shorea trapizifolia (Thw.)
Ashton with which the present fossils show closest resem-
blance is an evergreen tree found to occur in Ceylon
(Ashton, 1972).

Family—SIMAROUBA CEAE
Genus—BRUCEA J.F. Mill.
BRUCEA DARWAJENSIS sp. nov.
(PL. 5, figs 8,9, 11)

PLATE 7

—
(Al figures are of nawral size unless otherwise mentioned)
L. Swintonia palacoschwenckii Prasad & Awasthi. - Fossil leaf showing 8. Dalbergia cultrata Linn. - Modern leaflet showing similar shape, size
shape, size and venation pattern. and nature of base, apex and venation pattern.
2. Swimonia schwenckii, Teysm. - Modern leaf showing similar shape, 9. Cynometra palaeoiripa sp. nov. - Fossil leaflets showing shape. size
size and venation pattern. and its venation pattern.
3. Pongamia kathgodamensis Prasad. - Fossil fruit showing its morpho- 10.  Cynomertra iripa Kotel. - Modern leaflets showing similar shape, size
logical features. and venation patlern.
4. Pongamia glabra Vent. - Modern fruit showing similar morphological 11, Millettia imlibasensis sp. nov. - Fossil leaflet showing shape, size and
fegtures. venation patlern.
5. Dalbergia miovolubilis Prasad er al. - Fossil leaf showing shape, size 12, Millettia brandisiana Kurz. - Modern leaflet showing similar shape.
and venation pattern. x 2.5. size and venation pattern.
6. Dalbergia volubilis Roxb. - Modern leaf showing similar shape, size 13, Millettia imlibasensis sp. nov. - A part of fossil leallet magnified to
and venation pattern. x 2.5. show details of venation. x 4.
7 Dalbergia eocultraia sp. nov. - Fossil leaflet showing shape, size and 14. M. brandisiana Kurz. - A part of modern leaflet magnified to show

nature of apex. base and venation pattern.

similar details of venation. x 3.
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Material—The present species is based on two leaf-im-
pressions which are almost complete and devoid of cuticles.

Description—Leaves simple, slightly asymmetrical at
basal portion, narrow elliptic; preserved size 5.4 x 1.3 cmand
5.8 x 1.3 cm; apex attenuate; base acute, inequilateral; margin
entire: texture coriaceous; petiole preserved in one specimen,
0.4 cm long, normal; venation pinnate, eucamptodromous;
primary vein (1°) single, prominent, stout, almost straight;
secondary veins (2%) about 10 pairs visible, less than 0.5 cm
apart, angle of divergence about 65° acute, moderate; uni-
formly curved up, alternate to opposite, seemingly unbranched;
tertiary veins (3°) fine, poorly preserved, angle of origin usu-
ally RR, percurrent, straight, oblique in relation to midvein,
alternate to opposite and close. Further details could not be
seen.

Holorype—Specimen no. K 58.
Pararype—Specimen no. K 64.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—After Darwaja, a place in Koilabas Nala
from where fossils were collected.

Affinities—The main diagnostic features of the fossil leaf
such as narrow elliptic shape, attenuate apex, inequilateral,
acute base, coriaceous texture, eucamptodromous venation and
the course of secondary and tertiary veins strongly suggest
that the fossil leaves show their affinity with the leaves of
extant genus Brucea J.F. Mill of the family Simaroubaceae.
Herbarium sheets of all the available species of the genus
Brircea J.F. Mill. were examined and it was found that the
leaves of Brucea mollis Wall. show closest affinity with the
present fossil leaves (C.N. Herbarium sheet nos. 77233 and
77234 P1. 5, figs 10, 12).

Fossil record and comparison—There is no fossil record
of the genus Brucea J.F. Mill. from the Tertiary sediments of
India and abroad. The present fossils show their first occur-
rence in the Siwalik sediments of Nepal and therefore have
been assigned as Bricea darwajensis sp. nov.

The genus Brucea J.F. Mill. contains about 10
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palaeotropical species. Out of which, only two species are
found in India and Myanmar. Brucea mollis Wall., with which
the fossils show closest affinity is an evergreen shrub growing
in north east Himalaya and Sylhet ascending to about 6.000
ft. It is also common in Kochin Hills, Karan Hills and
Tennasserim in Myanmar (Gamble, 1972).

Family — SAPINDACEAE
Genus — NEPHELIUM Linn.
NEPHELIUM PALAEOGLABRUM Prasad e al. 1997
(PL 6, fig. 8)

Material—This species is based on a single, well pre-
served leaf-impression.

Description—Simple, symmetrical; narrow obovate to
elliptic; preserved size 8.2 x 5.0 cm; apex broken; base acute;
equilateral; margin entire; texture chartaceous; venation pin-
nate, eucamptodromous; primary vein (1°) single, prominent.
stout, almost straight; secondary veins (2°) about 7 pairs vis-
ible; 0.7 to 1.5 cm apart, angle of divergence about 60°, mod-
erate acute; uniformly curved up and joined superadjacent vein,
seemingly unbranched usually alternate, rarely sub-opposite;
tertiary veins (3% fine, angle of origin RR, sometimes branched,
percurrent; oblique in relation to mid-vein, sometimes nearly
right angle, predominantly alternate and close.

Specimen no.—K 2.

Locality—Near Darwaja in Koilabas Nala, Koilabas,
western Nepal.

Horizon & age—Lower Siwalik, Middle Miocene.

Affinities — In overall morphological features the present
fossil leaf resembles closely with the extant leaves of
Nephelium glabrum Noronh. of the family Sapindaceae (C.N.
Herbarium sheet no. 95476; P1. 6, fig. 9).

Fossil record and comparison—Four fossil leaves re-
sembling the genus Nephelium have been described from Ter-
tiary sediments of India and abroad. These are Nephelium jovis
Unger 1875 from Tertiary of Europe, N. verbereriaim Geyler
1875 from Tertiary of Borneo and N. oligocenicum Awasthi
& Mehrotra 1995 from the Oligocene of Makum Coalfield,

(All figures are of natural size unless otherwise mentioned)

1 Anisophyllea siwalica Prasad & Awasthi. -~ Fossil leal showing shape,
size and its venation pattern.

2. Anisophyllea siwalica Prasad & Awasthi. - A part of fossil lcal mag-
nified to show details of venation. x 3.

3. Svzvgiwm miooccidentalis sp. nov. - Fossil lcaf showing shape, size
and its venation pattern.

4. Syzvgium occidentalis Bourd. - Modern leaf showing similar shape.

size and venation pattern.

—
5. Diospyros darwajensis sp. nov. - Fossil leal showing shape, size and
venation paltern.
6. Diospyros darwajensis sp. nov. - A part of fossil leaf magnified to
show details of venation. x 2.
7. Helicia eoerretica sp. nov. - Fossil leaf showing shape, size and its
venation pattern.
8. Helicia eoerretica sp. nov. - A part of fossil leal magnificd to show

details of venation. x 2.3.



PRASAD et al.—FURTHER CONTRIBUTION TO THE SIWALIK FLORA FROM THE KOILABAS AREA, WESTERN NEPAL 67

PLATE 8



68 THE PALAEOBOTANIST

Assam, India and N. palaeoglabrum Prasad et al. 1997 from
the Siwalik sediments of Seria Naka near Tulsipur, U.P. On
comparison of present fossil leaf with those of above men-
tioned species. It has been found that the species described
from Seria Naka i.e., N. palaeoglabrum shows closest resem-
blance with present fossil in almost all the morphological fea-
tures.

The extant Nephelium glabrum Noronh. is an evergreen
tree found to grow in Malayan archipelago (Hooker, 1872).

Family—MELIACEAE
Genus—AGLAIA Lour.
AGLAIA NEPALENSIS sp. nov.
(PL. 6, figs 1, 2)

Material—This species is based on a well preserved leaf-
impression which is devoid of cuticle.

Description—I_eaf simple, symmetrical, narrow elliptic;
preserved size 7.5 x 3.0 cm; apex broken; base indistinct;
margin entire; texture thick, chartaceous; venation pinnate,
eucamptodromous; primary vein (1°) single, prominent, stout,
almost straight; secondary veins (2°) about 11 pairs visible,
0.3 to 1.0 cm apart, usually alternate rarely sub-opposite, an-
gle of divergence 70°-80°, wide acute to nearly right angle,
uniformly curved up, curvature is more pronounced near the
margin before joining superadjacent secondary, unbranched,
intersecondary rarely present, simple; tertiary veins (3°) fine,
poorly preserved, angle of origin usually RR, percurrent,
straight to curved, convex, rarely branched, oblique in rela-
tion to midvein, predominantly alternate and close. Further
details could not be seen.

Holorype—Specimen no. K 86.

Locality—Koilabas Nala section near Koilabas Village,
Koilabas, western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—After the name of country to which fossil
locality belongs.

Affinities—Medium size of leaf with narrow elliptic shape,
eucamptodromous venation, wide acute angle of divergence
of secondary veins, basal 1-2 pairs of secondary arise nearly
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atright angle, RR, percurrent, straight to curved tertiary veins
are the important features of the present fossil. These features
indicate that the fossil belongs to the modern leaves of the
genus Aglaia Lour. of the family Meliaceae. A critical exami-
nation of the herbarium sheets of a number of species of this
genus suggests that the leaves of Aglaia euryphylla Koord. &
Valeton (C.N. Herbarium sheet no. 80785) has nearest affin-
ity with the fossil leaf.

Fossil record and comparison—As far as the author is
aware there is no record of the fossil leaves resembling the
genus Aglaia Lour. Although, a fossil wood resembling this
genus has been described as Aglaioxylon mandalensis from
the Deccan Intertrappean beds of Parapani. Mandla District
of Madhya Pradesh (Trivedi & Srivastava, 1982). The present
fossil forms the first occurrence of the fossil leaves of this
genus in the Siwalik sediments of Koilabas, western Nepal
and has been assigned as Aglaia nepalensis sp. nov.

The genus Aglaia Lour. consists of 200-300 species found
in China, Indo-Malaya, Australia and Pacific. Of these, 23
species are distributed in India, Myanmar and Sri Lanka.
Aglaia euryphylla Koord. & Valeton, with which the fossil
Jeaf resembles closely, is an evergreen tree found to grow
mainly in Java.

Family—ANACARDIACEAE
Genus—SWINTONIA Griff.
SWINTONIA PALAEOSCHWENCKII
Prasad & Awasthi 1996
(PL.7, fig. 1)

Material—This is based on a single incomplete leaf-im-
pression which is devoid of cuticle.

Description—Leaf simple, symmetrical, seemingly nar-
row elliptic, preserved size 4.5 x 3.0 cm; apex broken: base
obtuse, indistinct on one side of midrib; margin entire; texture
thick, chartaceous; petiole preserved, 0.6 cm long, normal;
venation pinnate, eucamptodromous; primary vein (1) sin-
gle, prominent, stout, almost straight; secondary veins (2°) only
6 pairs visible, 0.3 to 1.2 cm apart, lowest two pairs closely
placed, alternate, angle of divergence 60" to 80°, wide acute

to right angle, lowest pair arises mainly at right angle, uni-

(All figures are of natural size unless otherwise mentioned)

L. Phyllanthus mioreticulatus sp. nov. - Fossil leaflets showing shape,
size and ils arrangement on a twig.

2. Phyllanthus reticulaius Poir. - Modern leaflets showing similar shape,
size and arrangement.

3. Phyllanthus miorericulatus sp. nov. - A fossil leaflet magnified to show
nature of base, apex and venation. x 2.2.

4. Phyvllanthus reticulatus Poir. - A modern leaflet magnified to show

EE——
similar type of base, apex and venation pattern. x 2.2.
S. Phyllanthus koilabasensis sp. nov. - Fossil leallet magnified to show
details of venation.
6. Plvllanthus collumnaris Muell Arg. - A modern leaflet magnified 10
show similar details of venation.
7. Antedesma siwalica sp. nov. - A fossil leal showing venation

pattern.
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formly curved up and joined to their superadjacent secondar-
ies without any pronounced curvature, unbranched
intersecondary veins present but poorly preserved; tertiary
veins (37 fine, poorly preserved, angle of origin usually RR,
percurrent, straight to curved, sometime branched, oblique in
relation to midvein, predominantly alternate and close.

Specimen—Specimen no. K 108.

Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Affinities—Symmetrical elliptic shape, obtuse base, en-
tire margin, eucamptodromous venation, wide acute to right
angle of divergence of secondary veins, closely placed and
with more angle of divergence of lowest pair of secondary
presence of intersecondary veins and RR, percurrent, closely
placed tertiary veins strongly indicate that the present fossil
shows closest affinity with the extant leaves of Swintonia
schwenckii Teysm. of the family Anacardiaceae (C.N. Her-
barium sheet no. 37034; PL. 7, fig. 2).

Fossil record and comparison—So far, three fossil leaves
resembling the genus Swintonia Griff. have been described
from the Siwalik sediments of India and Nepal. Awasthi and
Prasad (1990) described a fossil leat resembling extant
Swintonia floribunda Griff. under the form species S.
miocenica from Siwalik sediments of Surai Khola, western
Nepal. Later, Antal and Prasad (1996a) and Prasad and Awasthi
(1996) described another fossil leaf separately under Swintonia
palaeoschwenckii from the Siwalik sediments of West Ben-
gal, India and Surai Khola, western Nepal, respectively.

The present fossil leaf has been compared with above al-
ready known Siwalik fossils and found that S. palaeoschwenckii
Prasad and Awasthi described from Surai Khola, western Ne-
pal shows closest similarity with the present fossil and thus it
has been described here under the same species.

The genus Swintonia Griff. is represented by 15 species
distributed in South east Asia and western Malaysia. Out of
these, three species are found to occur in the tropical ever-
green forests of Tennasserim, Andaman Island, Bangladesh
and Myanmar. Swintonia scivwenckii Teysm. with which the
fossil leaf shows closest affinity is a tall tree found to grow
along rivers in the evergreen forests of Chittagong and
Myanmar. In the Chittagong forests it is one of the most con-
spicuous trees specially along the banks of the Karnaful River.
It is also found in Malayan region (Willis, 1973, Brandis,
1971).

i Family—FABACEAE
Genus—PONGAMIA Vent.

PONGAMIA KATHGODAMENSIS Prasad 1994d
(P1. 7. fig. 3)

Material—It consists of a single fruit-impression.

Description—Fruit flattened, oblong with decurved
points, much thickened on suture; size 2.3 x 1.1 cm; wings
absent.

Specimen—Specimen no. K 66.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Affinities—In all morphological features the present fos-
sil fruit shows closest affinity with the extant fruit of Pongamia
glabra Vent. of the family Fabaceae (C.N. Herbarium sheet
no. 15650; PL. 7, fig. 4).

Fossil record and comparison—The genus Pongamia is
well known in the fossil record by the occurrence of its petri-
fied woods, fossil leaves, and fruit-impressions from the Ter-
tiary sediments of India and abroad. A number of fossil woods
have been described from Tertiary sediments of India under
form genus Millettioxylon Awasthi (Prasad, 1994b). So far,
three fossil leaflets have been recorded from the Siwalik
sediments of Haridwar, Uttar Pradesh (Prasad. 1994a),
Bhikhnathoree, Bihar (Awasthi & Lakhanpal, 1990) and West
Bengal (Antal & Awasthi, 1993), respectively. The fossil fruits
resembling Pongamia glabra Vent. are also known from the
Siwalik sediments of Kathgodam under the form species
Pongamia kathgodamensis (Prasad, 1994d). Prasad and
Awasthi (1996) also described fossil fruit of the same species
from the Siwalik sediments of Surai Khola, western Nepal
and assigned it to Pongamia kathgodamensis Prasad. The
present fossil fruit has been compared with all the above known
fruits and found to be very similar, hence has been described
under the same species.

The genus Pongamia Vent. consists of single species P,
glabra Vent. with which the fossil shows its close resemblance.
It is a large tree found common near the banks of stream and
water sources in both peninsula in the out forests and sub-
himalayan tracts. It is also common in tidal and beach forests
of India, Sri Lanka, Malaya Archipelago extending to the
Coast, South China, Fiji Islands and tropical Australia
(Brandis, 1971).

Genus—DALBERGIA Linn.f.
DALBERGIA EOCULTRATA sp. nov.
(PL.7, fig. 7)

Material—The present species is based on a single well
preserved complete leaf-impression which is devoid of cuti-
cle.

Description—Leaflet asymmetrical due to unequal lamina
on either side of midrib, narrow elliptic; preserved size 4.0 x
1.7 ¢cm; apex notched (emarginate); base acute; slightly



PRASAD et al.—FURTHER CONTRIBUTION TO THE SIWALIK FLORA FROM THE KOILABAS AREA, WESTERN NEPAL 71

PLLATE 10
1 Antedesma siwalica sp. nov. - Fossil leal showing shape. size and size. nature of base and apex.
venation pattern. 4. Phvilantlues collumnaris muell. Arg. Poir. - Modern leaflets showing
2. Antedesma montanwmn Bl. - Modern leal showing simitar shape. size simitar shape. size, nature of base and apex.
and venation patteri. S. Cynometra palaeoiripa sp. nov. - A part of fossil leaflet magnified 1o
3. Plvllanthus koilabasensis sp. nov. - A fossil leaflet showing shape, show details of venation. x 5.

inequilateral; margin entire; texture chartaceous; petiole not
preserved; venation pinnate, eucamptodromous; primary vein
(1°) single, prominent, stout, almost straight; secondary veins
(2°) 1-8 pairs visible, 3.0 to 0.7 cm apart, alternate (o oppo-
sile, angle of divergence about 55%-60" acute, moderate. uni-
formly curved up and join their superadjacent secondary. low-
estpair closely placed, seemingly unbranched. intersecondary
veins present, simple; tertiary veins (3°) fine, poorly preserved,
angle of origin usually AO, percurrent and join intersecondary
veins, oblique in relation to midvein, predominantly alternate
and close.

Holotype—Specimen no. K 121.

Localiry—XKoilabas Nafa near Darwaja, Koilabas, west-
ern Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Ervmology—From the extant specics D. culiraia plus
the prefix ‘eo’.

Affiniiies—The dignostic features of the present fossil
leaflet such as asymmetrical. elliptic shape, emarginate apex,
acule base, entire margin, chartaceous fexture,
eucamptodromous venation, closely placed secondary veins
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with moderate angle of divergence, presence of intersecondary
veins and percurrent tertiaries strongly suggest its resemblance
with the extant leaves of Dalbergia culirata Linn. of the fam-
ily Fabaceae (C.N. Herbarium sheet no. 130595; P1. 7, fig. 8).

Fossil record and comparison—The fossil leaflets resem-
bling the genus Dalbergia Linn.f. are known from different
parts of the world under the genera Dalbergia Linn. and
Dalbergites Berry. So far, about 40 species of Dalbergia
Linn.f. and 3 species of Dalbergires Berry have been described
from India and abroad (Ettingshausen, 1869; Schimper, 1874,
Geyler, 1875; Berry, 1909, 1916, 1939; Knowlton, 1917;
Principi, 1921; Hollick, 1924; Ball, 1931; Salomon-Calvi,
1934: MacGinitie, 1937, 1941; LaMotte, 1952; Heer, 1959;
Lakhanpal & Awasthi. 1984; Prasad, 1990b. 1994a, ¢, Prasad
er al., 1997). Besides, there is one more leaflet resembling
that of Dalbergia described under the form genus Phyllites by
Tanai (1972) from the Tertiary of Japan. These species have
been reported from Africa, Australia, France, Germany, Green-
land, Japan, Sumatra, U.S.A., West Indies and India. Besides,
two fossil fruits resembling Dalbergia sissoo have also been
described from the Indian Tertiary sediments. Lakhanpal and
Dayal (1966) described it from the Siwalik sediments of
Balugoloa, Himachal Pradesh. Later, Awasthi and Mehrotra
(1995) reported other fossil fruit under Leguminocarpon
dalbergioides from the Oligocene of Makum Coalfield, As-
sam, India. Thus. from fossil records it is clear that the genus
Dalbergia Linn.f. was cosmopolitan in distribution in geo-
logical past.

Four fossil leaflets resembling Dalbergia Linn.f. have
been described from the Siwalik sediments of India and Ne-
pal. These are Dalbergia miosericea Prasad 1990b, D. siwalika
Prasad 1994e from the Siwalik sediments of Koilabas, west-
ern Nepal, Dalbergia cf. D. sissoo Prasad 1994a from the
Siwalik sediments of Haridwar, Uttar Pradesh, D. miovolubilis
Prasad er al. (1997) from the Siwaliks of Seria Naka at Indo-
Nepal Border, U.P. and Dalbergia sp. Lakhanpal and Awasthi
(1984) from the Siwalik sediments of Bhikhnathoree, Bihar.
The present fossil leaflet was compared with the available
known species of Dalbergia Linn.f. and found that none of
them shows similarity with the present fossil.

Although the fossil leaflet described as Dalbergia
miosericea Prasad somewhat shows resemblance in the na-
ture of apex but differs in course of secondary veins and hav-
ing obtuse base instead of acute base in the present fossil.
Thus, being different this fossil leaflet is assigned to a new
species Dalbergia eoculiraia.

The genus Dalbergia Linn.f. consists of about 300 spe-
cies of tropical to sub-tropical region of the world (Willis,
1973; Hooker, 1879). About 36 species are reported to occur
in India (Gamble, 1972). Dalbergia cultraia Linn. with which
the fossil shows closest resemblance is a moderate sized de-
ciduous tree common in all deciduous forests specially the

upper mixed savanah and Eng forests throughout Myanmar,
the Shah Hills, south wards.

DALBERGIA MIOVOLUBILIS Prasad ef al. 1997
(PL. 7, fig. 5)

Material—This species is represented by only one speci-
men which is almost complete and devoid of cuticle.

Descriprion—Leaflet almost symmetrical, elliptic; pre-
served size 1.6 x 0.9 cm; apex broken; base nearly obtuse,
slightly inequilateral; margin entire; texture thick chartaceous;
petiole preserved, 0.2 cm visible, normal; venation pinnate.
eucamptodromous: primary vein (1) single, not so prominent,
weak; secondary veins (2%) more than 12 pairs visible, closely
placed, alternate to opposite, angle of divergence 55°, acute,
moderate, uniformly curved up, branching not clear,
intersecondary veins present; tertiary veins (3°) fine, poorly
preserved, angle of origin RR-AQ, percurrent. sometimes
branched, oblique in relation to midvein, alternate to opposite
and close. Further details not observed.

Specimen—Specimen no. K 82.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
weslern Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Affinities—The most important distinguishing features of
the present fossil leaflet such as small size, nearly obtuse base,
entire margin, small petiole, eucamptodromous venation,
closely placed secondary veins arising at moderate acute an-
gle from the midvein, presence of intersecondary veins and
percurrent tertiaries collectively indicate that the fossil leaflet
shows closest affinity with the extant leaflets of Dalbergia
volubilis Roxb. of the family Fabaceae (C.N. Herbarium sheet
no. 130772; PL. 7, fig. 6).

Fossil record and comparison—So far, about 42 species
of Dalbergia Linn.f. are known from the Tertiary sediments
of India and abroad (Prasad ef al., 1997). The present fossi!
leaf was compared with all the available species and concluded
that the fossil leaflet described from the Siwalik sediments of
Seria Naka (Gonda District) at Indo-Nepal Border shows clos-
est affinity in shape and venation pattern and hence has been
described under the same species. This fossil leaflet was also
compared with the extant taxa D. volubilis Roxb. butit is larger
in size with somewhat distantly placed secondaries. We would
like to mention that these variations in the morphological fea-
tures may be due to different ecological conditions of the
regions.

The extant taxa D. volubilis Roxb. with which the fossil
shows closest affinity is a large climbing shrub growing in
central and eastern Himalaya from Kumaon to Sikkim, Bihar,
Central Provinces, south and west India and Myanmar (Gam-
ble, 1972).
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Genus—CYNOMETRA Linn.
CYNOMETRA PALAEOIRIPA sp. nov.
(PL. 7, fig. 9; PL. 10, fig. 5)

Material—This species is based on two well preserved
and complete leaflets attached with a small twig.

Description—Leaflets asymmetrical, elliptic, 2.1 x 1.0
cm and 2.5 x 1.0 cm; apex shightly broken, seemingly wide
acute; base wide acute; margin entire; texture chartaceous;
petiole very small, indistinct: venation pinnate,
eucamptodromous to brochidodromous; primary vein (1°) sin-
gle. prominent, stout, almost straight: secondary veins (2°)
about & pairs, 0.2 to 0.5 cm apart, alternate to subopposite,
angle of divergence about 60° acute, moderate, uniformly
curved up and joined to their superadjacent secondary, some-
times forming loop, rarely branched, intersecondary veins
present, simple, frequent; tertiary veins (3°%) fine, angle of ori-
gin RR-AQ, percurrent, straight to sinuous, branched, oblique
in relation to midvein, predominantly alternate, close. Further
details are not clearly seen.

Holotype—Specimen no. K §0.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—From extant species Cynometra iripa plus
suffix ‘palaeo’.

Affinities—The most characteristic features of the present
fossil leaflets are asymmetrical elliptic shape, wide acute apex
and base. entire chartaceous texture,
eucamptodromous to brochidodromous venation, closely
placed secondary veins arising at moderate angle of diver-
gence, presence of intersecondary veins and percurrent, straight
to sinuous tertiary veins. These features are found common in
the extant leaflets of the genus Cvnometra Linn. of the family
Fabaceae. In order to find out its specific affinity, the her-
bartum sheets of about 12 species of this genus have been
critically examined and concluded that the extant leaflets of
Cynometra iripa Kotel (C.N. Herbarium sheet nos. 138727,
138745; P1. 7, fig. 10) closely match in shape, size and vena-
Lion pattern.

margin,

Fossil record and comparison—Awasthi and Prasad
(1990) described the fossil leaflets resembling the genus
Cynometra Linn. from the Lower Siwalik sediments of Surai
Khola, western Nepal under C. siwalika. Later, Antal and
Awasthi (1993) reported another species C. rertiara from the
Lower-Middle Siwalik of Oodlabari, Darjeeling District, West
Bengal. Both these fossil leaflets are compared with the present
tossil leaflet and found that the present fossil is entirely dif-
ferent specially being smaller in size. The course of second-

ary veins too, is also different from them. In view of these the
present fossil leaflet has been described as a new species
Cynometra palaeoiripa. The specific epithet indicates its re-
semblance with extant C. iripa Kotel. )

The genus Cynometra Linn. consists of about 60 tropi-
cal species. Of which five are found to occur in the Indian
region. The extant taxa C. iripa, with which the fossil shows
resemblance, is distributed in Indo-Malayan region.

Genus—MILLETTIA W. & A.
MILLETTIA IMLIBASENSIS sp. nov.
(PL. 7, figs 11, 13)

Material—This species is based on a single well pre-
served, almost complete leaflet impression, which is devoid
of cuticle.

Description—Leaflet symmetrical, narrow elliptic; pre-
served size 4.3 x 1.6 cm: apex wide acute; base obtuse: mar-
gin entire; texture chartaceous; petiole not preserved; vena-
tion pinnate, eucamptodromous; primary vein (1) single.
prominent, stout, almost straight, thicker towards basal half
region. Secondary veins (2°) about 10 pairs, 0.3 10 0.6 cm
apart, alternate to subopposite, angle of divergence about 60,
acute, moderate, uniformly curved up and joining to the
superadjacent secondary, unbranched, intersecondary veins
present, simple; tertiary veins (3%) fine, angle of origin usually
RR, percurrent, straight to sometimes sinuous, oblique in re-
lation to midvein, predominantly alternate and close. Further
details could not be seen.

Holotype—Specimen no. K 114.

Localiry—Koilabas Nala section near Imlibasa. Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—After a place, Imlibasa in Koilabas Nala
from where the fossil was collected.

Affiniries—The most characteristic features of the present
fossil leaflet are symmetrical, narrow elliptic shape. wide acute
apex, obtuse base, entire margin, chartaceous texture,
eucamptodromous venation, moderate acute angle of diver-
gence of secondary veins, presence of intersecondary veins
and RR, percurrent, straight sinuous tertiary veins. These fea-
tures are found common in the genus Millerria W. & A. of the
family Fabaceae. A critical observation of a number of her-
barium sheet of more than 30 species of Millettia W. & A.
indicates that the present fossil is very similar to the extant
leaflets of Millettia brandisiana Kurz, (C.N. Herbarium sheet
no. 112443; P1. 7, figs 12, 14).

Fossil record and comparison—So far, 12 fossil leaflets
showing resemblance with Millettia W. & A. have been re-
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corded from all over the world. They are M. impressa (Harms)
Menzel 1920 from the Tertiary of West Africa; M. noroensis
Ishida 1970 from the Middle Miocene of central Japan;
Millerria sp. Huzioka & Takahasi 1970 from the Late Eocene
of south Honshu, Japan: M. asymmetrica and M. miocenica
Lakhanpal & Guleria 1982 from the Miocene of Kachchh,
western India: M. koilabasensis Prasad 1990b, M. siwalica
Prasad 1990a and Milletria miobrandisiana Prasad (1994e)
from the Lower Siwalik sediments of Koilabas. western Ne-
pal; M. palacoracemosa Awasthi & Prasad 1990, M. churiensis
Prasad & Awasthi 1996 from Siwalik sediments of Surai Khola,
western Nepal: M. palaeoracemosa Awasthi & Prasad from
Siwalik sediments of Kathgodam, Uttar Pradesh (Prasad,
1994¢) and M. oodlabariensis Antal & Prasad 1996a from
the Lower Siwaliks of Darjeeling District, West Bengal. After
comparative study it is observed that the earlier known spe-
cies are distinguishable from the present fossil in possessing
narrow elliptic shape with different course of secondary and
tertiary veins. In being different from all the known species a
new specific name M. imlibasensis is proposed for the new
fossil.

The genus Millettia W. & A. consists of 80 species (Wil-
lis, 1973) of trees, shrubs and woody climbers distributed in
the tropical regions of Africa, Asia and Australia. About 30
species are reported to occur in the Indian region, half of which
are trees and other half are large climbing shrubs and are mostly
distributed in West Bengal and Myanmar. M. brandisiana
Kurz. with which the fossil resembles closely is a large tree
distributed in the forests of Peguyoma and Myanmar (Brandis,
1971).

Family—ANISOPHYLLEACEAE
Genus—ANISOPHYLLEA R. Br.
ANISOPHYLLEA SIWALICA Prasad & Awasthi 1996
(PL. 8, figs I, 2)

Material—Tt consists of a well preserved, almost com-
plete specimen.

Description—Leaf simple, symmetrical, narrow ovate to
elliptic; preserved size 6.3 x 3.0 cm; apex acute; base obtuse;
slightly indistinct; margin slightly non-entire; texture thick
chartaceous; venation acrodromous, basal, perfect; primary
veins (1%) three, one midvein and two lateral, one on each side
of the midvein, prominent, stout, unbranched. midvein straight,
lateral primary veins, slightly curving while approaching to-
wards apex; secondary veins (2°) numerous, arising acutely
from lgteral midveins and run upwards and join thin
superadjacent veins and making appearance of intramarginal
vein; tertiary veins (3") fine, angle of origin RR, percurrent,
usually straight, sometimes curved to sinuous, rarely branched,
oblique to right angle in refation to midvein, predominantly
alternate and close; quaternary veins (4% still fine with RR

origin, forming triangular to polygonal meshes.
Specimen—Specimen no. K 87.

Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Affinities—The diagnostic features of the present fossil
leaf are narrow ovate to elliptic shape, acute apex, obtuse base,
non-entire margin, acrodromous venation. acute angle of di-
vergence of secondary veins arising from lateral midvein and
making an appearance of intramarginal vein and RR.
percurrent, straight to sinuous tertiary veins. These features
collectively indicate its near resemblance to those of
Anisophyllea apetrala Scort. of the family Anisophylleaceae.

Fossil record and comparison—In fossil record the ge-
nus Anisophyllea R. Br. is known by the occurrence of its
fossil leaves Anisophyllea siwalica from the Siwalik sediments
of Surai Khola, western Nepal (Prasad & Awasthi, 1996).
These fossil leaves were compared with the present fossil leaf
and found that both are almost similar in shape, size and ve-
nation pattern showing no marked difference in between them.
Hence, the present fossil leaf is described under the same spe-
cies Anisophyllea siwalica Prasad & Awasthi.

The genus Anisophyllea R.Br. contains about 30 species
distributed in the tropical regions of South Africa, Asia and
South America. Anisophyllea’apetala Scort. with which the
fossil shows near resemblance is an evergreen tree found to
grow in the Malayan regions (Ridley, 1967).

Family—MYRTACEAE
Genus—SYZYGIUM Gaertn.
SYZYGIUM MIOOCCIDENTALIS sp. nov.
(PL 8, fig. 3)

Material—It is based on a single well preserved com-
plete leaf-impression which is devoid of cuticles.

Description—Leaf simple, symmetrical, very narrow el-
liptic; preserved size 7.2 x 1.5 cm; apex slightly broken, seem-
ingly attenuate; base acute; margin entire; texture chartaceous;
petiole preserved, 0.4 cm long, normal; venation pinnate,
eucamptodromous; primary vein ( 1°) single, prominent. stout,
slightly curved, thicker towards basal regions, secondary veins
(2% about 17 pairs visible, usually less than 0.6 cm apart,
alternate to opposite, angle of divergence about 55 acute,
moderate, rarely branched, uniformly curved up and joined to
their superadjacent forming intramarginal veins all along the
margin; intersecondary veins present, frequent, |-4
mtersecondary in between two secondary veins; tertiary veins
(3% fine, angle of origin RR-AO, percurrent, straight, branched.
oblique in relation to midvein, predominantly alternate and
close.
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Holotype—Specimen no. K 47.

Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—From extant taxa Syzygitum occidentalis plus
prefix ‘Mio’.

Affinities—The important distinguishing features of the
fossil leaf are very narrow elliptic shape, attenuate apex, acute
base. entire margin, eucamptodromous venation, presence of
intersecondary and intramarginal veins and RR-AO,
percurrent, tertiary veins. These morphological features sug-
gest that the present fossil leaf shows its affinity with the leaves
of extant genus Syzygium Gaertn. of the family Myrtaceae. A
critical examination of the modern leaves of about 50 species
of the genus was done and found that the modern leaf of S.
occidentalis Bourd (Eugenia occidentalis) closely resembles
the present fossil leaf (C.N. Herbarium sheet no. 66156; PI. 8,
fig. 4).

Fossil record and comparison—So far, six species of
Syzvgium Gaertn. based on fossil leaves, have been reported
from the Tertiary sediments of India and abroad. These are
Svzygium floribundoides Engelhardt (Muller, 1934) from the
Middle Miocene of West Germany; S. chaneyi Huzioka &
Takahasi 1970 from the Eocene of Jjapan; S. kachchense
Lakhanpa! & Guleria 1981 from the Eocene of Kachchh, In-
dia; S. miocenicum Prasad & Prakash 1984 from the Siwalik
beds of Koilabas, western Nepal; S. palacobractearium Awasthi
& Lakhanpal 1990 from the Siwaliks of Bhikhnathoree, Bihar;
and S. palaeocumini Prasad & Awasthi 1996 froin the Siwalik
sediments of Surai Khola, western Nepal and Antal & Prasad
1997 from the Siwaliks of Darjeeling District, West Bengal.
On comparing the present fossil with the already known spe-
cies it is found that none of them is similar to the present fos-
sil and hence it is being described as a new species—S.
miooccidentalis.

The genus Syzvgim Gaertn. consists of about 500 spe-
cies of trees, shrubs and rarely climbers. They are
palaeotropical in distribution (Willis, 1973). There are 79 spe-
cies in India, of which about 76 species are indigenous which
thrive in moist localities along the banks or in the beds of
streams. It occurs in wet evergreen, semi-evergreen, moist
deciduous, littoral and swamp, dry evergreen and dry decidu-
ous forests of tropical India. S. occidentalis with which the
fossil specimen shows closest affinity is found in the Indian
region.

Family—EBENACEAE
Genus—DIOSPYROS Linn.

DIOSPYROS DARWAJENSIS sp. nov.
(Pl 8, figs S, 6)

Material—It consists of a well preserved almost com-
plete leaf-impression which is devoid of cuticle.

Description-—-Leaf simple, symmetrical. narrow
oblanceolate; preserved size 13.2 x 4.2 cm; apex broken: base
obtuse; margin entire; texture coriaceous; petiole not pre-
served; venation pinnate. eucamptodromous to
brochidodromous; primary vein (1°) single, prominent. stout,
almost straight; secondary veins (2°) 7-8 pairs visible. 0.5 to
2.0 cm apart, lowest pair closely placed, usually alternate,
rarely subopposite, angle of divergence about 50°, acute, mod-
erate, uniformly curved up and join to their superadjacent sec-
ondary at obtuse angle, sometimes join before meeting the
margin and giving the appearance of brochidodromous type
of venation pattern, seemingly unbranched; intersecondary
veins rarely seen; tertiary veins (3%) fine, angle of origin RR,
percurrent, straight to sinuous, branched, oblique in relation
to midvein, predominantly alternate, close: quaternary veins
(49 still fine with RR angle of origin, branched. forming
orthogonal to polygonal meshes.

Holotype—Specimen no. K 12.

Locality—Koilabas Nala section near Darwaja, Koilabas.
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Ervimology—Afier a place Darwaja in Koilabas Nala from
where the fossil was collected.

Affinities—The most characteristic features of the present
fossil leaf like narrow oblanceolate shape, obtuse base, entire
margin, coriaceous texture, eucamptodromous to
brochidodromous venation, course and nature of secondary
vein, rare occurrence of intersecondary veins, RR, percurrent,
straight to sinuous tertiary veins undoubtedly indicate its re-
semblance with the leaves of Diospyros Linn. of the family
Ebenaceae. In order to find out its nearest modern equivalent,
about 55 species of Diospyros Linn. were examined critically
and found that the present fossil leaf shows closest affinity
with the leaves of extant Diospyros dasyphyllea Kurz. (F.R 1.
Herbarium sheet no. 39889).

Fossil record and comparison—The fossit leaves show-
ing close resemblance with those of Diospyros have been de-
scribed under two generic names, i.e., Diospyros Linn. and
Diospyrophyllum Velenovsky. The later consists of only one
species Diospyrophyllum provectum Velenovsky 1889 from
the Upper Cretaceous of Bohemia. However, Diospyros Linn.
contains about 70 species reported from different parts of the
world, viz., Africa, Bohemia, Canada, Europe, England, Greek,
Greenland, Japan, Panama, Switzerland and U.S.A. (Schimper,
1874; Heer, 1874; Lesquereux, 1878, 1891-92; Probost, 1884
Berry, 1916, 1918, 1919, 1930; Principi. 1921; Gothan, 1933;
Salomon Calvi, 1934: Hollick, 1936; MacGinite, 1937, 1941,
LaMotte, 1952, Jahnichen, 1958: Chaney & Axelrod, 1959;
Kilpper, 1969; Huzioka & Uemura, 1973; Tanai. 1976). Thus
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it is obvious that this genus was cosmopolitan in distribution
in the geological past. From the geological distribution of fossil
Diospyros itis evident that its earliest record goes back to the
Upper Cretaceous (Velenovsky, 1884).

So far, seven species have been reported from the Siwalik
sediments of India and abroad. These are Diospyros
embryopierisites Verma 1968 from the Middle Siwalik of
Hardwar, Uttar Pradesh, India; D. miocenica Prasad & Awasthi
1996, D. miokaki Awasthi & Prasad 1990 from the Lower
Siwalik sediments of Surai Khola, western Nepal; D.
kathgodamensis Prasad 1994c and D. palaeoebenum Prasad
1994d from the Lower Siwalik of Kathgodam, Uttar Pradesh,
India; D. pretoposia Prasad 1990a and D. koilabasensis Prasad
1990a from the Lower Siwalik sediments of Koilabas, west-
ern Nepal. The later species has also been reported from the
Lower-Middle Siwalik of Darjeeling District, West Bengal,
India and D. rulsipurensis Prasad er al. 1997 {from the Lower
Siwaliks of Seria Naka, at Indo-Nepal Border, in Gonda Dis-
trict of Uttar Pradesh, India. The present fossil leaf is com-
pared with all the above available species and found entirely
different from them in the course and nature of secondary and
tertiary veins. Therefore, it has been described under a new
species Diospyros darwajensis.

The genus Diospyros Linn. consists of about 500 spe-
cies of trees or rarely shrubs distributed in tropical and mild
temperate regions of the world, a few in South Africa and
North America (Hooker, 1882; Purkayastha, 1982). About 55
species are found in the Indian region. D. dasyphyllea Kurz.,
with which the fossil resembles closely, is an evergreen tree
of Martaban Hills.

Family—PROTIACEAE
Genus—HELICIA Lour.
HELICIA EOERRETICA sp. nov.
(PL. 8, figs7,8)

Material—It is represented by a well preserved almost
complete leaf-impression and it is devoid of cuticle.

Description—Leaf simple, symmetrical, oblanceolate:
preserved size 11.5 x 4.0 cm: apex broken; base cuneate;
margin entire; texture chartaceous; petiole preserved, 0.8 cm
long, normal; venation pinnate, eucamptodromous; primary
vein (1Y) single, prominent, stout, almost straight; secondary
veins (2%) 5-6 pairs visible, 1.3 to 2.8 ¢cm apart, usually alter-
nate, seemingly unbranched, angle of divergence about 6(0°
acute, moderate, lowest pair of secondary arising more acutely,
curved up and run upwards to a little distance and join to their
superadjacent secondary; intersecondary veins present, Sim-
ple, frequent: tertiary veins (3°) fine, angle of origin RR,
percurrent, straight to sinuous, branched. oblique in relation
to midvein, right angle near the margin, predominantly alter-

nate and close; quaternary veins (4°) still fine, angle of origin
RR, forked, forming orthogonal to polygonal meshes.

Holotype—Specimen no. K 10.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.
Etymology—From extant taxa H. erretica plus prefix ‘eo’.

Affinities—The most important distinguishing features of
the fossil leaf such as oblanceolate shape, cunecate base, entire
margin, chartaceous texture, eucamptodromous venation, dis-
tantly placed secondaries with moderate angle of divergence
running upward to a little distance, presence of intersecondary
veins and RR, percurrent, straight to sinuous, lertiary veins
strongly suggest that the present fossil leaf shows closest af-
finity with the modern leaves of Helicia erretica Hook.f, of
the family Proteaceae (C.N. Herbarium sheet no. 13457).

Fossil record and comparison—As far as the author is
aware there is no fossil record of the genus Helicia Lour. from
the Indian subcontinent. Therefore, the present fossil leaf form
its first record from the Stwalik of Koilabas, western Nepal
and it has been assigned as Helicia eoerretica sp. nov.

The genus Helicia Lour. consists of about 90 species dis-
tributed in Europe, South-east Asia, Indo-Malaya, and east-
ern Australia. Of these, only 8 species are found to occur in
the Indian region. H. erretica Hook.f., with which fossil re-
sembles closely, is a small evergreen tree found in the forests
of Sikkim and Shan Hills of Martaban. It is common in
Darjecling forests chiefly in open ground (Gamble. 1972).

Family—EUPHORBIACEAE
Genus—PHYLLANTHUS Linn.
PHYLLANTHUS MIORETICULATUS sp. nov.
(PL. 9, figs 1. 3)

Material—This species is represented by seven leaflets
attached on a twig.

Description—Leaflets symmetrical, elliptic, average size
2.5 x 1.3 c¢m; apex wide acute; base wide acute to obtuse;
margin entire; texture thick chartaceous; petiotule small, 0.2
to 0.3 cm long; venation pinnate, eucamptodromous; primary
vein (1% single, prominent, stout, almost straight: secondary
veins (2%) 5-6 pairs, less than 0.5 cm apart, alternate to oppo-
site, unbranched, angle of divergence about 55 acute moder-
ate, uniformly curved up and join their superadjacent second-
ary; intersecondary veins occasionally seen; tertiary veins (3°)
poorly preserved, fine, angle of origin RR, percurrent, straight,
oblique in relation to midvein, predominantly alternate and
close.

Holotype—Specimen no. K 130.
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Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Etymology—From extant taxa Phyllanthus reticulatus
plus prefix ‘mio’.

Affinities—The diagnostic features of the present fossil
leaves such as small size, elliptic shape, wide acute apex and
base, entire margin, eucamptodromous venation, closely
placed secondary arising at moderate angle of divergence, rare
intersecondary veins and RR, percurrent, straight tertiary veins
undoubtedly indicate their resemblance with the genus
Phyllanthus Linn, of the family Euphorbiaceae. In order to
find out the nearest resembling species a number of herbarium
sheet of about 55 species were critically examined and con-
cluded that the present fossils show affinity with the extant
leaflets of Phyllanthus reticulatus Poir in shape, size and ve-
nation pattern (C.N. Herbarium sheet no. 13875; PI. 9, figs 2,
4)

Fossil record and comparison—Four fossil leaves are
known so far showing close resemblance to those of
Phyllanthus (= Glochidion) from the Siwalik sediments of
India and Nepal. Of these, three are from India and one is
from Nepal. They are Glochidion siwalica Prasad 1994c from
the Lower Siwalik sediments of Kathgodam, Uttar Pradesh,
India; Glochidion palaeohirsutiun Antal & Prasad 1996a from
the Lower Siwaliks of Oodlabari, West Bengal, India;
Phyllanthus siwalica Prasad 1994d from the Lower Siwaliks
of Kathgodam, Uttar Pradesh, India and Phyllanthus
palacoreticulans Prasad & Awasthi 1996 from the Lower
Siwalik sediments of Surai Khola, western Nepal. A compara-
tive study of both the above known fossil leaves as well as
present fossil specimens indicates that the present fossils dif-
fer in being smaller in size and having different course and
arrangement of secondary veins. The fossil leaf described
under Phyllanthus palaeoreticulatus and comparable with the
same extant species differs in the nature of apex and having
more secondary veins as compared to the present fossils. Thus,
being different, the present fossil is assigned to a new species
P mioreticulatus.

The genus Phyllanthus Linn. contains about 600 species
distributed in tropical to subtropical regions of the world ex-
clusively Eurasia and North Asia. [t is a large genus compris-
ing the plants varying in sizes, many of them more or less
shruby. Phyllanthus reticulatus Poir. with which fossil shows
closest affinity is a struggling shrub distributed throughout
the greater part of India, Myanmar, and Sri Lanka. In the drier
region it is commonly found in ravines and along streams
(Gamble, 1972).

PHYLLANTHUS KOILABASENSIS sp. nov.
(P19, fig. 5; PI. 10, fig. 3)

Material—It is based on a single complete leaf-impres-
sion which is devoid of cuticle.

Description—Leaflets symmetrical; preserved size 4.8 x
1.7 cm: narrow elliptic; apex obtuse; base acute; margin en-
tire; texture coriaceous; petiolule preserved, small, 0.2 cm long:
venation pinnate, eucamptodromous; primary vein (1Y) sin-
gle, prominent, stout, almost straight; secondary veins (2")
about 7-8 pairs visible, 0.3 to 0.7 cm apart, alternate to
subopposite, seemingly unbranched, angle of divergence about
60°, acute, moderate, uniformly curved up and join to their
superadjacent secondary; intersecondary veins present, sim-
ple, frequent; tertiary veins (3% fine, poorly preserved, angle
of origin RR-AQ, percurrent, straight to sinuous, branched.
oblique in relation to midvein, predominantly alternate and
close. Further details could not be seen.

Holotype—Specimen no. K 138.

Locality—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.

Erymology—After the fossil locality Koilabas from where
the fossil was collected.

Affinities—The important distinguishing features of the
present fossil are narrow elliptic shape, obtuse apex, acute
base, entire margin, small petiolule, eucamptodromous vena-
tion, somewhat closely placed secondaries with moderate acute
angle of divergence, presence of intersecondary veins and
percurrent tertiary. These features are found common among
the species of the genus Phyllanthus Linn. of the family
Euphorbiaceae. After a critical examination of those species
it has been concluded that the extant taxa Phvllanthus
collumnaris Muell. Arg. shows closest affinity with the present
fossil in all morphological features (C.N. Herbarium sheet no.
401998; P1. 9, fig. 6; PL. 10, fig. 4).

Fossil record and comparison—So far five fossil leaf-
lets resembling the genus Phyllathus Linn. are known from
the Siwalik sediments of India and Nepal. The present fossil
has been compared to those of all already known fossils and
found that it is entirely different from them either in shape or
in the nature of secondary and tertiary veins. Thus, being dif-
ferent, it is assigned to a new species Phyllanthus
koilabasensis.

The modern comparable taxa Phyllanthus collumnaris
is a small deciduous tree of mixed forests in Myanmar. It is
common all along the rivers (Gamble, 1972).

Genus—ANTEDESMA Linn.
ANTEDESMA SIWALICA sp. nov.
(PL.9, fig. 7; P1. 10, fig. 1)

Material—This species is represented by two well pre-
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served almost complete leaf-impressions.

Description—Leaf simple, symmetrical, narrow elliptic;
preserved size 1.5 x 3.6 cm and 7.2 x 3.5 cm; apex broken:
base wide acute; margin entire; texture thick, chartaceous;
petiole not preserved; venation pinnate, eucamptodromous
venation; primary vein (1°) single prominent, stout, slightly
curved; secondary veins (2°) about 10 pairs visible, 0.5t0 1.5
cm apart, alternate to subopposite, seemingly unbranched, an-
gle of divergence 55°to 60°, acute, moderate, uniformly curved
up and run upward to join the superadjacent secondary veins,
curvature more pronounced near the margin; intersecondary
veins present; tertiary veins (3% fine, angle of origin, RR,
percurrent, usually straight, branched, oblique in relation to
midvein, predominantly alternate and close.

Holotype—Specimen no. K 2.

Localiry—Koilabas Nala section near Darwaja, Koilabas,
western Nepal.

Horizon & Age—Lower Siwalik, Middle Miocene.
Etymology—After Siwalik Formation.

Affiniries—Narrow elliptic shape, wide acute base, en-
tire margin, eucamptodromous venation, specific course of
secondary veins, presence of intersecondary veins and RR,
percurrent tertiary veins undoubtedly indicate that the present
fossils resemble closely to the extant leaves of Anredesma
montanum Bl. and  A. cuspidation Muell. Arg. (C.N. Her-
barium sheet no. 408750; PI. 10, fig. 2).

Fossil record and comparison—As far as author awares
there is no record of fossil leaves resembling the genus
Antedesma Linn. from the Tertiary sediments of India and
abroad. The present fossil leaves form its first occurrence in
the Siwalik sediments of Koilabas, Nepal and therefore they
have been described under a new species Antedesma siwalica.

The genus Antedesma Linn. consists of about 170 spe-
cies distributed in tropical to subtropical regions especially in
Asia. About 23 species are found to occur in India. The extant
A. montanum Bl. is a small tree distributed in the Malayan
region (Desch, 1957).

FLORISTIC ANALYSIS

The investigation on plant megafossils including mainly
leal-impressions and a fruit-impression from the Lower Siwalik
sediments of Koilabas in western Nepal enhanced our knowl-
edge of the angiospermic flora during Lower Siwalik sedi-
mentation. The present record of fossil flora consists of a va-
riety of mostly woody plants belonging to 25 species as listed
below :

Anonaceae

Miliusa siwalica sp. nov.

Anona koilabasensis sp. nov.

Fissistigma mioelegans sp. nov.
Polygalaceae

Securidaca miocenica Prasad et al. 1997
Flacourtiaceae

Gynocardia mioodorata sp. nov.
Clusiaceae

Garcinia nepalensis sp. nov.
Dipterocarpaceae

Dipterocarpus koilabasensis sp. nov.

Isoptera siwalica sp. nov.

Shorea eutrapizifolia sp. nov.
Simaroubaceae

Brucea darwajensis sp. nov.
Sapindaceae

Nephelium palacoglabrum Prasad et al. 1997
Meliaceae

Aglaia nepalensis sp. nov.
Anacardiaceae

Swintonia palaeoschwenckii Prasad & Awasthi 1996
Fabaceae

Pongania kathgodamensis Prasad 1994c

Dalbergia eocultrata sp. nov.

Dalbergia mniovolubilis Prasad et al. 1997

Cynometra palaeoiripa sp. nov.

Millettia imlibasensis sp. nov.
Anisophylleaceae

Anisophyllea siwalica Prasad & Awasthi 1996
Myrtaceae

Syzygium miooccidentalis sp. nov.
Ebenaceae

Diospyros darwajensis sp. nov.
Protiaceae

Helicia eoerretica sp. nov.
Euphorbiaceae

Phyllanthus mioreticulatus sp. nov

P. koilabasensis sp. nov.

Antedesma siwalica sp. nov.

With the addition of 25 new taxa described above the
megafossil assemblage of the Siwalik Group from Koilabas
now consists of 79 species belonging to 53 genera of 30
angiospermous families (Table 1). They are mainly based on
leaf-impressions and a fruit and seed. The fruit and seed show
close affinity with the extant fabaceous genera Pongamia and
Entada respectively. The assemblage is overall dominated by
trees representing 59 species. The remaining species are shrubs
(14 species) and climbers (6 species). The herbs are totally
absent. The fabaceous taxa show overall dominance consist-
ing of about 17 taxa in the assemblage. The earlier fossil
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records also show their abundance from other localities in the
Stwalik foot-hills of Uttar Pradesh, Himachal Pradesh, Bihar
and West Bengal in India and Nepal during Mio-Pliocene
(Prakash & Tripathi, 1992; Prasad, 1993, 1994a-d; Prasad et
al., 1997, Antal & Awasthi, 1993; Antal & Prasad, 1995,
1996a-c, 1997; Antal er al., 1996). These fabaceous taxa have
not been authentically recorded from the Palacogene sediments
of India and Nepal, which indicate that they might have en-
tered later in the Indian sub-continent during Miocene Period
after the establishment of land connections from where they
were flourishing. Besides, the other tropical subdominant fami-
lies are Combretaceae and Dipterocarpaceae which consist of
6 and 5 taxa respectively. They are mainly distributed in In-
dia, Nepal and South east Asian regions. The genera like
Miliusa, Anona, Isoptera, Brucea, Helicia and Antedesma in
the present assemblage and Sabia, Carissa, Anacolosa,
Otophora and Tupiria described already from Koilabas area
are represented in the Tertiary flora. The present day distribu-
tion of the modern equivalents of the fossil taxa known from
Koilabas area indicates their wider distribution in different
geographical regions all over India and other places. In India
they are distributed mostly in north east and southern regions
due to prevalence of favourable climatic conditions there.
The Koilabas fossil assemblage comprises those [8 taxa which
are found to grow both in India and Malaya Peninsula. These
are Dillenia indica, Securidaca inappendiculata, Mesua
ferrea, Dipterocarpus tuberculatus, Evodia fraxinifolia,
Eupliorea longana, Sabia paniculata, Bouea burmanica,
Mangifera indica, Swintonta sclhwenckii, Albizia lebbek,
Ponganna glabra, Cassia siamea, Dalbergia sericea, Morinda
umbellata, Cinnamonuum inuctim and Ficus glaberrima. This
indicates that there has been a fair exchange of taxa between
the two sub-continents. The taxa like Ryparosa kunstelri,
Ortophora fruticosa, Isoptera borneonsis, Antedesmua
montanum, restricted to the Malaysian region, have also been
found in the present assemblage. Besides, few taxa are also
found to grow in the tropical regions of Africa, China and Sri
Lanka, etc.

On the basis ol nearest living relatives the [loral as-
semblage consists of 3 major types of elements : (1) Ev-
ergreen, (2) Evergreen and moist deciduous, and (3) Moist
deciduous. Out of 25 taxa recorded herewith from
Koilabas area, 16 taxa are evergreen, one evergreen (o
moist deciduous. and 8 moist deciduous. Thus, the ever-
ereen elements dominate the fossil flora of Koilabas area
(Table 2, 3) during Middle Miocene in contrast to mixed
deciduous vegetation occurring today in the area (Kanji
Lal, 1950).

Comparison with other Neogene flora

In order to find out the degree of resemblance with other
Siwalik as well as Neogene flora ol India, a comparison of the
present fossil assemblage with known fossil flora has been

made. Other than Siwaliks, the Neogene flora of Indian sub-
continent is known from Dupitila Series, Tipam Sandstones,
Namsang beds, and Dihing Group in north east India: Terti-
ary of West Bengal in eastern India; Cuddalore Santstones,
Neyveli lignite and Varkala beds, in south India and Tertiary
of Kutch and Rajasthan in western India; Kasauli, Dharamsala
and Dagshai Formations in the Himalayan foot-hills of
Himachal Pradesh, India.

Himalavan foot-hills (Siwalik) flora — A variety of plant
megafossils including fossil woods, leaves, flowers. fruits and
seeds are known from various localities of Siwaliks and pre-
Siwaliks in the Himalayan foot-hills of Uttar Pradesh,
Himachal Pradesh, Bihar and West Bengal in India and Surai
Khola, Arjun Khola, Arun Khola, Kotilabas in western Nepal
and Sindhuli District in eastern Nepal (Awasthi, 1992: Prasad,
1994a-¢; Prasad er al., 1997 Prasad & Awasthi, 1996; Awasthi
etal., 1996; Mehraeral., 1990a, b, 1995: Mishra ef al., 1995:
Antal & Awasthi, 1993; Antal & Prasad. 1996a-c: Antal er
al., 1996: Arya & Awasthi. 1995; Lakhanpal & Awasthi. 1992).
The taxa like Securidaca inappendiculata, Dipterocarpus
turbinatus, Swintonia schiwenckii, Pongamia glabra,
Dalbergia volubilis, Millettia brandisiana, found in the present
assemblage are already known from other localites in the
Himalayan foot-hills. It indicates that these taxa were widely
distributed all along the foot-hills and flourished under equi-
table climate.

North east Indian flora —1Itis a vast area including Tipam
sandstones, Dupitila Series. Namsang beds, Dihing Series and
Makum Coalfield areas. A large number of fossil woods and
leaves have been reported from this area by different workers.
They belong to different families of Angiosperms. Gymno-
sperms and Pteridophytes (Chowdhury & Ghosh, 1946:
Chowdhury & Tandon, 1949; Ghosh & Kazmi, 1958: Prakash
& Tripathi, 1970a, b, 1972, 1974, 1975, 1976, 1977: Prakash
& Lalitha, 1978; Awasthi & Mehrotra, 1997). The common
taxa occurring in this region as well as in the Siwaliks of
Koilabas, western Nepal are : Mesua fervea, Kayea floribunda.
Euphorea longana, Mangifera indica, Pongamia glabra.
Cassia siamea, Dalbergia sissoo, Albizia lebbek and
Terminalia tomentosa.

Eastern Indian flora — It includes the Bengal region and
the flora comprises mainly fossil woods reported by different
workers from the Tertiary sediments (Deb & Ghosh, 1974:
Ghosh & Roy, 1978, 1979a, b, 1980, 1981, 1982; Roy &
Ghosh, 1979a, b, 1980, 1981a, b, 1982: Bande & Prakash,
1980; Srivastava & Prakash, 1984: Srivastava & Srivastava,
1998). The common genera occurring in this region as well
as in the Siwaliks of Koilabas, are . Diprerocarpus, Shorea.
Mangifera, Pongamia, Millettia, Albizia, Cynomeira,
Ormosia, Sophora, Terminalia, Anogeissius, Diospyros and
Cinnamonnn.
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Table 1—A list of fossil taxa recovered from the Siwalik sediments of Koilabas, western Nepal.

Fossil Taxa

Modern Equivalents

References

Anonaceae

Miliusa siwalica sp. nov.

Anona koilabasensis sp. nov.
Dilleniaceae

Dillenia palaeoindica Prasad & Prakash
Polygalaceae

Securidaca miocenica Prasad et al.
Flacourtiaceae

Ryparosa prekunstelri Prasad

Gynocardia mioodorata sp. nov.
Clusiaceae

Mesua tertiara Lakhanpal

Kayvea kalagarhensis Prasad

Garceinia nepalensis sp. nov.
Dipterocarpaceae

Isoprera siwalica sp. nov.

Diprerocarpus siwalicus Lakhanpal & Guleria

D. koilabasensis sp. nov.

Hopea mioglabra Prasad

Shorea eutrapizifolia sp. nov.
Rutaceae

Evodia koilabasensis Prasad

Murraya khariense Lakhanpal & Guleria

Atlantia miocenica Prasad
Simaroubaceae

Brucea darvajensis sp. nov.
Meliaceae

Chloroxylon palaeoswietenia Prasad

Aglaia nepalensis sp. nov.
Rhamnaceae

Fissistigma mioelegans sp. nov.

Zizyphus miocenica Prasad
Sapindaceae

Filiciiun koilabasensis sp. nov.

Euphorea nepalensis sp. nov,

QOtophora miocenica sp. nov.

Nephelium palaeoglabrum Prasad et al.
Sabiaceae

Sabia eopaniculata Prasad
Anacardiaceae

Swintonia paloeoschwenckii Prasad & Awasthi

Bouea koilabasensis Prasad

Tapiria chorkholiense Prasad

Mangifera someshwarica Lakhanpal & Awasthi
Fabaceae

Albizia siwalica Prasad

Pongamia kathgodamensis Prasad

Cassia nepalensis Prasad

C. miosiamea sp. nov.

C. neosophora sp. nov.

Dalbergia eocultrata sp. nov.

Dalbergia miosericea Prasad

D. siwalika Prasad

D. miovolubilis Prasad er al.

Millettia siwalica Prasad

M. koilabasensis Prasad

M. thoretii Finet & Gagnep.
A. laurifolia Linn.

D. indica Linn.
S. inappendiculara Hask.

R. kunstelri King.
G. odorata R. Br.

M. ferrea Linn,
K. floribunda Wall.
G. cowa L.

1. borneonsis Br.

D. rubercularus Roxb.
D. rurbinarus Gaertn. f.
H. glabraW. & A.

S. trapizifolia Thw.

E. fraxinifolia Hook. f.
M. paniculara (Lina.) Jacq.
A. monophylla Corr.

B. mollis Wall.

C. swietenia DC.
A. enryphylla Koor. & Valeton

F elegans Hook.f. Thw.
Z. jujuba Lam.

F decipience Thw.
E. longana Lamk.
O. fruticosa Blume
N. glabrum Noronh.

S. paniculata Seem.

S. schwenckii Teysm.
B. burmanica Griff.
T hirsura Hook.f.

M. indica Linn.

A. lebbek Gamble
P. glabra Vent.

C. hirsura Linn.

C. siamea Lam.

C. sophora Wall.
D. cultrara Linn,
D. sericea Boj.

D. sissoo Roxb.

D. volubilis Roxb.
M. ovalifolia Kurz.

M. mmacrostachya Coll.& Hemsl.

Prasad & Prakash

Prasad, 1990a

Prasad, 1994e
-do-

Prasad, 1990b

Prasad, 1994e

Prasad, 1994e
-do-
-do-

Prasad, 1990b

Prasad. 1994e

Prasad, 1994e
“do-
_do-

Prasad, 1994e

Prasad, 1994e
-do-
-do-

Prasad, 1990b

Prasad. [990a
Prasad, 1994e
-do-

Prasad, 1990a
Prasad, 1994e
Prasad, 1990a
Prasad, 1990b

, 1984
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M. imblibasensis sp. nov.

M. miobrandisiana sp. nov,

Ormosia robustoides Prasad

Cynometra palaeoiripa sp. nov.

Samanea siwalica Prasad

Entada palacoscandens Awasthi & Prasad
Combretaceae

Anogeissus eosericea Prasad & Prakash

Clycoptreris floribundoides Prasad

Terminalia koilabasensis Prasad

T siwalica Prasad

T. panandliroensis Lakhanpal & Guleria

Comibretum salnii Antal & Awasthi
Lythraceae

Lagerstroemia siwalika Prasad

Woodfordia neofruticosa Prasad
Anisophylleaceae

Anisophyllea siwalica Prasad & Awasthi
Myrtaceae

Syzygiunt mioceniccim Prasad & Prakash

S. miooccidentalis sp. nov.
Caprifoliaceae

Lonicera mioquinquelocularis Prasad
Rubiaceae

Randia miowallichii Prasad

Morinda siwalika Prasad
Ebenaceae

Diospyros koilabasensis Prasad

D. pretoposia Prasad

D. darwajensis Prasad
Apocynaceae

Tabernaemontana precoronaria Prasad

Carissa koilabasensis Prasad
Loganiaceae

Gaermera siwalica Prasad
Solanaceae

Datura miocenica Prasad
Oleaceae

Anacolosa mioluzoniensis sp. nov.
Verbenaceae

Vitex prenegundo Prasad

V. siwalica Prasad
Lauraceae

Cinnamonuun mioinuctim Prasad
Moraceae

Ficus precunia Lakhanpal

F retusoides Prasad

F nepalensis Prasad
Protiaceae

Helicia eoerretica sp. nov.
Euphorbiaceae

Phyllanthus koilabasensis sp. nov.

P miioreticulanis sp. nov.

Antedesma siwalica sp. nov.

M. brandisiana Kurz.
M. brandisiana Kurz.
0. robustoides Jacq.
C. iripa Kotel.

S. saman Merr,

E. scandens Benth.

A. sericea Brandis
C. floribunda Lam.
T. angustifolia Jacq.
T. pyrifolia Kurz.

T. toinentosa W.A.
C. decandrum Roxb.

L. lanceolara Wall.
W. fruticosa Kurz.

A. apetala Scort.

S. claviflorum Roxb.

S. occidentalis Bourd.

L. quinquelocularis Hardw.

R. wallichii Hook f.
M. wbellara Linn.

D. montana Roxb.
D. toposia Ham.

D. dasyphyliea Kurz.

T. coronaria Willd.

C. paucinervia A. Dc.

G. bieleri (D.Willd. E. Petit)

D. fastuosa Linn,
A. luzoniensis Merr.

V. negundo Linn.
V. pubescens Vahl.

C. inuctiun Meissn.,
F. cunia Ham.
F. retusa Linn.

F glaberrima Blume

H. erretica Hook f.

P. collumnaris Muell-Arg.

P reticulatus Poir.
A. montamun Bl.

Prasad, 1994e
Prasad, [990a

Prasad, 1994e
-do-

Prasad & Prakash, 1984
Prasad, 1990a

-do-

-do-

Prasad, 1994e

~-do-

Prasad, 1994e
-do-

Prasad & Prakash, 1984

Prasad, 1990a

Prasad, 1994a
Prasad. 1994e

Prasad, 1990a
-do-

Prasad, 1990a
Prasad, 1994e

Prasad, 1990a
Prasad. 1994e
Prasad, 1994e

Prasad, 1990a
-do-

Prasad, 1990a
Prasad, 1990a

-do-
-do-




82

THE PALAEOBOTANIST

Table 2—Present day distribution and forest types of comparable taxa of fossils recovered from the Siwalik sediments

of Koilabas, western Nepal.

Fossil Taxa

Modern Equivalents

Distribution

Forest type

Anonaceae

Miliusa siwalica sp. nov.

Anona koilabasensis sp. nov.
Dilleniaceae

Dillenia palaeoindica

Prasad & Prakash, 1984
Polygalaceae

Securidaca miocenica Prasad

et al. 1997
Flacourtiaceae

Ryparosa prekunstelri

Prasad, 1990a

Gynocardia mioodorata sp. nov.
Clusiaceae

Mesua tertiara (Lakhanpal)

Prasad, 1990a

Kayea kalagarhensis

Prasad, 1993

Garcinia nepalensis sp. nov.
Dipterocarpaceae

Isoptera siwalica sp. nov.

Dipterocarpus siwalicus

(Lakhanpal & Guleria) Prasad,

1990b

D. koilabasensis sp. nov.

Hopea mioglabra Prasad, 1994e

Shorea eutrapizifolia sp. nov.
Rutaceae

Evodia koilabasensis Prasad,

1994e

Murraya khariensis (Lakhanpal &

Guleria) Prasad, 1994e

Atlantia miocenica Prasad, 1994e

Simaroubaceae
Brucea darvajensis sp. nov.
Meliaceae
Chloroxylon palaeoswietenia
Prasad, 1990a
Aglaia nepalensis sp. nov.

Rhamnaceae

Zizyphus miocenica Prasad, 1994e

Fissistigma niioelegans sp. nov.
Sapindaceae

Filicium koilabasensis

Prasad. 1994e

Euphorea nepalensis

Prasad, 1994¢

Otophora miocenica

Prasad, 1994e

M. thoretii Finet & Gagnep.

A. lanrifolia Linn.

D. indica Linn.

S. inappendiculata Hask.

R. kunstelri King.
G. odorara R.Br.
M. ferrea Linn.

K. floribunda Wall.
G. cowa L.

I borneonsis Br.

D. tuberculatis Roxb.

D. nurbinatus Gaern.f.
H. glabra W. & A.
S. trapizifolia Thw.

E. fraxinifolia Hook. f.

M. paniculata (Linn.) Jacq.

A. monophylla Corr.

B. mollis Wall.
C. swietenia DC.

A. euryphylia Koor. &
Valeton

Z. jujuba Lam.

£ elegans Hook.[.Thw.

£ decipience Thw.
E. longana Lamk.

O. fruticosa Blume.

India, China
Java

India. Myanmar

N.E. India, Java

Malaya
N.E. India, Burma

North east India, Myanmar,
Malaya
North east India, Myanmar

N.E. India, Bangladesh, Burma

Java, Burma
North east India, Myanmar,
South east Asia

N.E. India, Bangladesh, Burma
South India
Ceylon

North east India, Malaya,

Nepal

Sub Himalayan region. Myanmar,
Andman, Sri Lanka, Australia
South and North India,

Myanmar, Andman

N.E. India, Burma
India, Sri Lanka

Java

India, Myanmar
Malaya, Malucca

South India, Sri Lanka,
Tropical Africa

South and North India,
Myanmar, Malaya
Malaya

Moist deciduous
Evergreen

Moist evergreen
Evergreen to Moist
deciduous
Evergreen
Evergreen
Evergreen
Evergreen
Evergreen
Evergreen
Evergreen to moist
deciduous
Evergreen
Evergreen
Evergreen
Evergreen to Moist
deciduous

Moist deciduous to
evergreen
Evergreen
Evergreen

Moist deciduous
Evergreen
Deciduous
Evergreen
Evergreen
Evergreen to moist

deciduous
Evergreen
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Nephelium palacoglabriom
Prasad et al., 1997
Sabiaceae
Sabia eopaniculata
Prasad, 1994e
Anacardiaceae
Swintonia palaeoschwenckii
Prasad & Awasthi, 1996
Bouea koilabasensis
Prasad, 1994e
Tapiria chorklioliense
Prasad, 1994e
Mangifera someshwarica
(Lakhanpal & Awasthi) Prasad,
1994¢
Fabaceae
Pongamia kathgodamensis
Prasad 1994a
Albizia siwalica Prasad, 1990b
Cassia nepalensis Prasad, 1990a
C. miosiamea Prasad, 1994e
C. neosophora Prasad, 1994e
Dalbergia eucultrata sp. nov.

D. miovolubilis Prasad er al., 1997

D. miosericea Prasad, 1990b

D. siwalika Prasad, 1994e
Millettia siwalica Prasad, 1990a

M. imlibasensis sp. nov.
M. koilabasensis Prasad, 1990b

M. miobrandisiana Prasad, 1994e
Ormosia robustoides Prasad, 1990b

Samanea siwalika Prasad, 1994e

Entada palaeoscandens (Awasthi

& Prasad) Prasad, 1994¢

Cynometra palaoirripa sp. nov.
Combretaceae

Anogeissis eosericea Prasad &

Prakash, 1984

Clvcopteris floribundoides

Prasad, 1990a

Terminalia koilabasensis

Prasad, 1990a

T siwalica Prasad, 1990a

T. panandhroensis (Lakhanpal &

Guleria) Prasad, 1994e

Combretum sahnii (Antal &

Awasthi) Prasad. 1994e
Lythraceae

Lagerstroemia siwalica

Prasad, 1994e

N. glabriim Noronh.

S. paniculata Seem.

S. schwenckii Teysn.
B. burmanica Griff.
T. lirsuta Hook. f.

M. indica Linn.

P. glabra Vent.

A. lebbek Gamble
C. hirsuta Linn.
C. siamea Lam.
C. sophora Wall.
D. cultrata L.

D. volubilis Roxb.
D. sericea Boj.

D. sissoo Roxb.
M. ovalifolia Kurz.

M. brandisiana Kurz.

M. macrostachya Coll.&

Hemsl.

M. brandisiana Kurz.
O. robusta Jacq.

S. saman Merr.

E. scandens Benth.
C. irripa Kotel.

A. sericea Brandis

C. floribunda Lam.

T angustifolia Jacq.
T. pyrifolia Kurz.

T. tomentosa W.A.

C. decandriom Roxb.

L. lanceolara Wall.

Malaya

Sub-Himalayan region,
Myanmar, Malaya

India, Burma, Malaya

South India, Andman,
Myanmar

North east India, Nepal,
Bhutan

India, Malaya

India, Sri Lanka, Malaya

North east India, Myanmar
Central India

India, Myanmar, Malaya
South east Asia

India, Burma

[ndia, Nepal
Sub-Himalayan region,
Madagascar
Sub-Himalayan region,
Sub-Himalayan region,
Myanmar

Myanmar

Myanmar

Myanmar

Northeast India, Myanmar
Tropical Africa, America
India, Burma

India

Central India

North east India, Myanmar,
Western Peninsula

Malaya

Myanmar

Sub-Himalayan region,
Myanmar

Sub-Himalayan region,

Bangladesh, Central India

Western Peninsula

Evergreen

Evergreen to moist
deciduous

Evergreen
Evergreen
Moist deciduous

Evergreen to
deciduous

Evergreen to moist
deciduous

Moist deciduous
Deciduous

Moist deciduous
Moist deciduous
Moist deciduous
Moist deciduous
Deciduous

Deciduous
Moist deciduous

Moist deciduous
Evergreen

Moist deciduous
Evergreen
Evergreen

Moist deciduous
Moist deciduous
Deciduous
Deciduous
Evergreen
Evergreen to moist
deciduous

Moist deciduous

Deciduous

Moist deciduous
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Woodfordia neofruticosa
Prasad, 1994¢

Anisophylieaceae
Anisophyllea siwalica Prasad &
Awasthi, 1996
Myrtaceae
Syzygium mioceniccum Prasad &
Prakash, 1984
Syzygiun miooccidentalis sp. nov.
Caprifoliaceae
Lonicera mioguinquelocularis
Prasad, 1990a
Rubiaceae
Randia miowallichii Prasad, 1990a

Morinda siwalica Prasad, 1994e

Ebenaceae
Diospyros koilabusensis
Prasad, 1990a
D. pretoposia Prasad, 1990a

D. darwajensis sp. nov.
Apocynaceae

Tabernaemontana precoronaria

Prasad, 1990a

Carissa koilabasernsis

Prasad, 1994e
Loganiaceae

Gaermera siwalica Prasad, 1990a

Solanaceae
Datura miocenica Prasad, 1990a
Oleaceae
Anacolosa mioluzoniensis
Prasad, 1994e
Verbenaceae
Vitex prenegundo Prasad, 1990a
V. siwalica Prasad, 1990a
Lauraceae
Cinnamomum mioictium
Prasad, 1990a
Moraceae
Ficus precunia (Lakhanpal)
Prasad, 1990a
F. retusoides Prasad, 1990a
F. nepalensis Prasad. 1990a
Protiaceae
Helicia eoerretica sp. nov.
Euphorbiaceae
Phyllantlugs koilabasensis sp. nov.
P. mioreticulatis sp. nov.
Antedesma siwalica Sp. nov.
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W. friticosa Kurz.

A. apetala Scort.

S. claviflorunm Roxb.

S. occidentalis Bourd.

L. quinquelocularis Hardw.

R. wallichii Hook. {.

umbellaia Linn.

D. montana Roxb.
D. toposia Ham,

D. dasyphyllea Kurz.
7. coronaria Willd.
C. paucinervia A. Dc.
G. bieleri (D. Willd.)
E. Petit

D. fastuosa Linn.

A. luzoniensis Merr.
V. negundo Linn.

V. pubescens Vahl.

C. inuctum Meissn.

F. cunia Ham.

F retusa Linn.
F. glaberrima Blume

H. erretica Hook f.

P. collumnaris Muell . Arg.

P. reticulatus Poir.
A. montanum Bl

Sub-Himalayan region,
Tropical Africa, Arabia, Both
Peninsula

Malaya

North east India. Andman,
Myanmar
India

North west Himalaya, Nepal,
India

North east India, Myanmar,
Andman

South and North east India,
Sri Lanka, Malaya

India, Myanmar, Sub-Himalayan
region

North east India, Bangladesh,
Sri Lanka

Martaban

Sub-Himalayan region,

Sri Lanka, Myanmar
North east India, Myanmar

Tropical Africa

India, Malaya, Tropical Africa

South east Asia

India, Sri Lanka, China
India, Myanmar

Myanmar, Malaya

Sub-Himalayan region,
Assam, Myanmar
India, Malaya

India, Malaya

N.E. India, Martaban
Burma

India, Burma, Ceylon
Malaya

Moist deciduous

Evergreen

Evergreen to moist
deciduous
Moist deciduous

Deciduous

Evergreen

Evergreen

Deciduous
Evergreen
Evergreen
Deciduous

Evergreen

Evergreen

Deciduous
Evergreen
Deciduous
Evergreen

Evergreen to moist
deciduous

Deciduous

Evergreen
Evergreen

Evergreen
Deciduous

Deciduous
Evergreen
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South Indian flora — The Neogene flora of south India is
known from the Cuddalore Sandstones, Neyveli lignite and
Varkala beds. The Cuddalore Sandstones are well known for
the occurrence of petrified woods which have been studied in
detail by Awasthi, 1974, 1975a, b, 1977a, b, 1979, 1980, 1981).
The Neyvelt lignites in Tamil Nadu are rich in almost all bo-
tanical entities such as carbonised woods, leaf-impressions
and compressions. stems, roots, pollen, spores, algal and fun-
gal bodies. The plant megafossils from this area have been
studied by Ambwani (1982), Awasthi (1984), Awasthi and
Agarwal (1986) and Agarwal (1989, 1991).

The study on the carbonised woods from the Varkala beds
in Kerala Coast reveals the occurrence of a number of taxa
belonging to different angiospermous families (Awasthi &
Ahuja, 1982; Awasthi & Panjwani, 1984; Awasthi &
Srivastava, 1989, 1990, 1992; Srivastava & Awasthi, 1994,
1996; Srivastava, 1998). After comparison of the present
Koilabas assemblage with those of south lndian floral assem-
blages it has been surmised that most of genera like Mesua,
Dipterocarpus, Hopea, Shorea, Mangifera, Bouea, Garcinia,
Euphorea; Albizia, Cassia, Millettia, Pongamia, Cynometra,
Anogeissus, Terminalia, Anisophyllea;
Diospyros and Cinnomomum are found common in both of
them.

Lagerstroentia,

Western Indian flora — It includes the area of Rajasthan
and Kutch. From the Tertiary (Palacogene and Neogene) of
Kutch a large number of fossil woods, leaves, fruits and seeds
have been reported by Lakhanpal and Guleria (1981, 1982)
and Guleria (1983, 1984). While, from Rajasthan area only
fossil woods are known belonging to different families of
angiosperms and gymnosperms (Lakhanpal & Bose, 1951;
Guleria, 1990). A comparison of the present Koilabas assem-
blage with that of Western Indian flora shows that the com-
mon genera Mesua, Dipterocarpus Murraya, Mangifera,
Pongamia, Albizia, Millettia, Cassia, Cynometra, Terminalia,
Svzygium, Lagerstroemia, Diospyros, Cinnamomum and Ficus
are common, which obviously indicates that there was more
or less equitable climate and homogeneity in the floristic com-
position of various Neogene assemblages in the Indian sub-
continent.

PALAEOCLIMATE AND
PALAEOECOLOGY

The present is the key to the past. The principal basis to
any study of the past is the principle of ‘Uniformity in the
order of nature’. This principle implies on the physical and
biological processes which like todays environment as well
as vegetation must have been in the operation since past. Like-
wise, the type of weather variation and climatic conditions as
observed today must also occurred in the past. Cain (1944)
further opines that the best approach to the study of

palaeoclimate or palacoecology of a particular area is to com-
pare the fossi! floras with the modern vegetation and to know
the existing climatic conditions. ltis rather difficult to deduce
the precise palacoecology of an area prior to the Terliary Pe-
riod, because the modern vegetation is quite different from
those of earlier periods. The study becomes more accurate as
we go from Palaecocene upward until the Pliestocene as the
modern equivalents of the [ossil forms still exist in the present
day vegetation and obviously the fossils could satisfactorily
be compared and identified with the modern taxa.

Thus, the Tertiary fossil plants are supposed to be the
reliable indicators of past climate specially those that are ref-
erable to modern taxa. The accuracy of interpretations based
on them is inversely proportional to the geological ages of the
deposits from which the fossils are collected. As the plant
fossils for the present study have been collected from the Mid-
dle Miocene sediments and the modern equivalents of these
fossil forms stilt exist in the forests. it has, therefore become
easier to deduce the palacoclimate and palacoecology of the
Koilabas area in the Himalayan foot-hills of western Nepal
during sedimentation.

The other parameters for deducing palacoclimate are the
physiognomic characters of plant fossils. In the presence of
exclusively leaf-impressions in any floral assemblage, this
parameter plays a deciphering role in interpreting the
palaeoclimate and palacoecology. Further, this is an independ-
ent of systematic relationship of the species and therefore, it
is likely that the errors in interpretation are minimum.

On the basis of plant megafossils especially leaf-impres-
sions, the interpretation regarding palacoclimate and
palaeoecology can be drawn by two methods :

(i) Nearest living relative method, 1.e., from comparison of
the leaf-impressions with the extant taxa.

(1) Foliar physiognomy method, i.e., from study of the struc-
tural features of leaf-impressions.

Nearest living relative method

This extrapolates known climatic requirement of mod-
ern taxa with the comparable and related taxa in the past. The
plant fossils recovered from Koilabas localities have been
compared with their modern equivalents and it has been ob-
served that a few of them still exist in the area. Therefore, it is
easier to infer the palacoclimate of the region during sedi-
mentation.

The fossil plants obtained so far from the Siwalik
sediments of the Koilabas area comprise 79 elements which
were compared with modern taxa (Table 1). The present habit
and habitat of the recorded taxa show that they mostly occur
in the tropical evergreen and moist deciduous forests of north
east India, Bangladesh, Myanmar and Malaya and adjoining
areas receiving higher rainfall (Gamble, 1972: Hooker, 1879,
1882, 1885; Champion & Seth, 1968; Desch, 1957; see Ta-
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Table 3—Distribution of comparable extant taxa of fossils recovered from the Siwalik sediments of Koilabas in various tropical forest types.

TROPICAL FOREST TYPES

Modern Equivalent TAXA

Wet
evergreen
forest

Semi
evergreen
(orest

Moist Littoral Dry Thorn Dry
deciduous  and Swamp  deciduous forest evergreen
forest forest forest forest

1

5

5 6 7 8

Anona laurifoliu
Miliusa thoretii
Dillenia indica
Securidaca inappendicidara
Ryparosa kunstelri
Gynocardia odorata
Mesua ferrea

Kavea floribunda
Garcinia cowu
Dipterocarpus tubercularus
D. turbinatis

Hopea glabra

Isoprera horneonsis
Shorea trapizifolia
Evodia fraxinifolia
Murraya paniculara
Atlantia monophyila
Brucea moliis
Chioroxvlon swictenia
Agalia eurvphyllea
Zizyplus jujuba
Filicium decipiense
Nephelivn glabrum
Euphorea longona
Orophora fruticosa
Sabia paniculata
Bouea burmanica
Swintonia sclvvenckii
Tupiria hirsua
Mangifera indica
Pongamia glabra
Albizia lebbek

Casswa [ursuia

C. laevigara

" siamed

C. sophora

Dalbergia sericea

D. culrrata

D. sissoo

D. volubilis

Milleria ovalifolia

M. macrostachya

M. brandisiana
Ormosia robusta
Cynometra iripa
Samanca sanan
Entada scandens
Anogeissus sericeda
Calvcopieris floribunda
Termmnalia angusnfolia
T. pyrifolia

T tomentosa
Combrerum decandrion
Lagerstraenua lanceolata
Woodfordia fruticosa
Anisophyilea apetula
Svovgium claviflorion
S. occidentalis
Lonicera quinquelocudaris
Randia wallichii
Morinda umbellara
Diospyros nmontana

D. dasyphylica

D. 1oposia
Tabernaemoniana coronaria
Carissa paucumervia
Guermera bieler
Datiire fustiiosa
Anacolosa luzoniensis
Virex negundo

V. pubescens
Cinnamonimt inuctum
Ficus cunia

Fretusa

F glaberrima

Helicia eratica
Phyllanthus collwmnaris
P reticudarus
Antedesia montanum
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bles 2, 3). Thus it may be surmised that a warm and humid
climate prevailed in the Koilabas area at the time of deposi-
tion in contrast to the present relatively dry climate. The pre-
dominance of evergreen elements in the assemblage further
indicates the prevalence of tropical (warm humid) climate with
plenty of rainfall. Most of the taxa represented in the fossil
assemblage do not occur in the Koilabas area or all along the
Himalayan foot-hills of both India and Nepal (Table 2). This
obviously indicates that changes in the climate must have taken
place after the deposttion of Siwalik sediments in the Koilabas
area.

The change in climate since the Middle Miocene can also
be explained by a general global cooling and by the events
within the region, particularly the Himalayan uplift and
shallowing of the Tethys sea which progressively changed from
marine through estuarine to fresh water environment
(Mukherjee, 1982). These climate and physiographic changes
made the environment hostile for the endemic flora which was
gradually replaced by the present day mixed deciduous for-
est.

Foliar physiognowmy method

The study of structural features of fossil angiospermous
leaves such as size., venation, density. texture, margin, shape
and tip, etc. has a great relationship with climate and thus
provides more reliable results (Table 4). As this method is
independent of the systematic relationship of the species. the
errors in the interpretation of palacoclimate are minimized as
compared to the above nearest living relative method. The
detailed physiognomic study of the fossil leaves recovered
from the Siwalik sediments of Koilabas area, Nepal provides
considerable data on climatic conditions prevailing at the time
of sedimentation.

The best indicator of climate appears to be the leaf mar-
gin, viz., entire versus non-entire. Typical entire margined
leaves of woody families like Anonaceae. Lauraceae,
Ebenaceae, Clusiaceae, Sapotaceae, Dipterocarpaceae and
Apocynaceae, etc. are practically absent from mesophytic cold
temperate regions. On the contrary, non-entire leaved fami-
lies as Betulaceae, Aceraceae, Platanaceae, etc. are absent from
low land tropical areas. Nevertheless, the families like
Malvaceae, Rosaceae, Ulmaceae, Fagaceae, Tiliaceae,
Flacourtiaceae, Anacardiaceae and Fabaceae bear both types
of leaf margins, i.e., entire and non-entire. According to Bai-
ley and Sinnott (1916) the woody plants of tropical low lands
possess entire margins, while in temperite they possess non-
entire margins. Similarly, Wolfe (1969) concluded that the
tropical rain forests have the highest percentage of entire
margined species. This percentage decreases with decreasing
temperature either with increasing altitude 1o the submontane
and montane rain forests or with increasing latitude to the warm
temperate forest. This criterion. when applied to the Siwalik
{tora of the Koilabas area. reveals that all the specics except

three taxa, i.e., Dillenia palaeoindica. Datnra miocenica and
Anisophyllea siwalica, have entire margin indicating a warm
tropical climate (Table 4).

Besides, leafl size is another important indiculo‘r of cli-
mate. It has been seen that leaf size distribution in any forest
type is correlated with available moisture and it is found big-
ger in the understory elements of humid evergreen forests but
decreases with low temperature or precipitation. Raunkiaer
(1934) suggested that the percentage of species having large
leaves should be highest on the piedmont somewhat higher on
the mountain in order to correlate with precipitation. Further,
Givinish (1976) has also postulated that optimal size, as de-
termined by the balance between transpiration rate and
phytosynthesis, should be greatest in the tropics. decreases in
the subtropics and increases in the warm temperate forests.

According to Raunkiaer (1934) and later modified by
Webb (1959) the leaf size may be measured typically by 5
size classes, viz., leptophyll (up to 0.25 sq cm), nanophyll
(0.25-2.25 sq cm). microphyll (2.25-20 sq cm), mesophyl! (20-
182 sq ¢cm) and macrophyll (182-1640 sq cm). According to
this classification the floral elements obtained from Koilabas
area possess mainly microphyll and mesophyll type of leaves
as shown below :

Application of the above criterion to the Koilabas as-
semblage in which most of the taxa possess optimal sized
leaves (Table 4) again indicates that a tropical humid climate
prevailed in the area during Middle Miocene.

The ‘Drip tip’, an extended leaf tip, is also another im-
portant physiognomic feature of angiospermous leaves and is
generally seen in wet tropical forest elements (Dorf, 1969).
The function of the drip tip is to hasten the run off of water
from the leaf. Richards (1952) pointed out that it facilitates
them to retard the growth of epiphytes. The deciduous leaves
generally lack drip tip because of their short life span. In the
present assemblage about 22 taxa possess conspicuous drip
tips. In some specimens the tips either got broken or indistinct
due to bad preservation. Thus, it also shows the prevalence ol
tropical humid climate around Koilabas area during Siwalik
sedimentation.

Five other physiognomic features that have been used as
an aid in determining the past climate are :

Organisation—compound versus simple leaves
Major venation patiern

Venation density

Leaf texture

Leaf base shape

A S

These characters are less useful than margin type. leaf
size and drip tips and somc of them are also difficult to ana-
lyse in the fossil material. The organisation of ieaves as sim-
ple or compound has becn correlated with available moisture
or precipitation. Dolph and Dilcher (1979) postulated that the
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percentage of simple leaves increases from piedmont to both
mountain and coastal regions where precipitation is higher.
Since majority of elements in the Siwalik flora of Koilabas
area possesses simple leaves indubitably indicating higher
precipitation during Middle Miocene.

Thus from the foregoing discussion it may be concluded
that the Himalayan foot-hills near Koilabas in western Nepal
enjoyed a tropical climate with plenty of rainfall during the
Siwalik sedimentation. This is. however, contrary to the present
day chimate of the area with reduced precipitation.

PHYTOGEOGRAPHY

Phytogeography is the other important aspect of
palaeobotany which deals with the study of fossil flora to know
the past distribution and migration of vegetation especially
since Tertiary Period. In the orogenic movement of Himalaya,
Middle Miocene Period has been considered as the most im-
portant. During this period several significant changes occurred
in physiography, environment and floral characteristics. With
the result, the older life forms which could not accommodate
themselves to the new environment gradually perished and in
their place new plants or animals came into existence and flour-
ished. The geological events in the region strongly influenced
the phytogeography of the region during Siwalik Period
through the establishment of land connections between India
and South-east Asia (Smith & Briden, 1979). A number of
plants migrated from South-east Asia to India via Myanmar
and vice versa. With the result, many taxa, especially mem-
bers of Dipterocarpaceae and Fabaceae which were present
during the Palacogene in South-cast Asia appeared in the
Neogene on the Indian subcontinent.

The present day distribution of modern equivalents of
all 79 species recovered from the Siwaliks of Koilabas. west-
ern Nepal shows that they are presently known to grow in
different geographical regions all over India, Nepal and other
places (Table 2). In India. they are distributed mostly in north
east and southern regions wherever favourable climatic con-
ditions are available. In this assemblage, there are those 18
taxa which are found to grow both in India and Malaya pe-
ninsula. They are Dillenia indica, Mesua ferrea. Securidaca
inappendiculara, Dipterocarpus tuberculatus, Evodia
Sfraxinifolia, Euphorea longana. Sabia paniculata, Bouea
burmanica, Mangifera indica, Swintonia schwenckii, Albizia
lebbek, Cassia siamea, Dalbergia sericea, Pongamia glabra,
Morinda umbellara, Cinnamowmn inuctum, Ficus retusa and
F. glaberrima which clearly indicate that there has been a fair
exchange of floral elements between the two subcontinents
after the land connections wcere established during the Miocene
Period.

Similarly, 7 taxa in the Koilabas assemblage have a re-
stricted distribution in the Malayan region. Thesc are Ryparosa

kunstelri, Otophora fruticosa, lsoptera borneonsis. Neplhelium
glabrum, Anisophyliea apetala, Aglaia euryphvila and
Antedesma montanum obviously suggesting that these taxa
migrated from Malaya to India during Neogene and flourished
around Koilabas area at the time of deposition of Siwaliks.
Later, they disappeared from the area probably due to unfa-
vourable environmental conditions.

About 23 taxa in the Koilabas assemblage still grow in
north-east India, Bangladesh and Myanmar (Table 2). These
are Kayea floribunda, Tapiria hirsuta, Gynocardia odoraia.
Garcinia cowa, Dipterocarpus turbinatus, Brucea mollis,
Dalbergia cultrata, Millettia ovalifolia, M. macrostachva, M.
brandissiana, Ormosia robusta, Calycopieris floribunda,
Terminalia pyrifolia, T. tomentosa, Syzvgium claviflorum,
Randia wallichii, D. diospyros, D. montana, D. toposia, D.
dasyphyllea, Helicia erretica, Tabernaemoniana coronaria,
Carissa paucinervia and Ficus cunia. This suggests that these
taxa were present during Middle Miocene in the foot-hills near
Koilabas area but do not grow now a days there and thus they
have migrated toward east in Assam, Bengal, Sikkim,
Meghalaya, Bangladesh and Myanmar because of better fa-
vourable conditions.

Table 2 indicates that there are few taxa which are found
to grow still at different altitudes in the foot-hills near Koilabas
and adjoining areas. These are Murraya paniculata, Zizyphus
Jujuba, Mangifera indica, Dalbergia sissoo, D. volubilis,
Terminalia 1omentosa, Combretim decandrinn, Woodfordia
Sfruticosa, Diospyros montana, Datura fustuosa, Vitex negundo
and Ficus cunea suggesting that they have susceptibility to
adopt in the new climatic conditions prevailing after Middle
Miocene mainly due 1o further rise of Himalaya.

Leaf size No. of fossil taxa Percentagej
Leptophyll - -
Nanophyll l 1.25
Microphyll 41 50.50
Mesophyll 36
Macrophyll —[ 2

Thus, the survey of the fossil plants obtained from the
Lower Siwaliks of Koilabas area and the present day distribu-
tion of their modern equivalents indicate that all the taxa can
be classified into 3 types :

1. Extant taxa — Those taxa which have their living coun-
terparts growing in or near the fossil locality.

2. Exotic taxa — Those taxa which grow in other parts of
India and Nepal.

3. Extinct taxa — Those taxa which have disappeared (rom
India and Nepal regions and now grow in other parts of
the world.

There may be two possible explanations for the difteren;
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Table 4—Physiognomic characters of the fossil flora recovered from the Siwalik sediments of Koilabas area, western
Nepal.

PHYSIOGNOMIC CHARACTERS

«

Average Leaf Driptips  Nature of  Leaftexture Leaf base Leaf Venation
leaf'size  margin  presence  Petiole chartaceous shape Organi-  pattern
$q. cm entire(E) (P) normal(N) (CH) acute(A) zation Close(C)
Fossil Taxa non- absenence indistinci(-) coriaceous obtuse(O) Comp- Distant(D)
entire(N) (A) (CO) cuneate(C)  ound
indistinct(-) cordate(CR) VS

attenuate(AT) Simple
indistinc( (-)

1 2 3 4 5 6 7 8 9
Anona koilabasensis 13.8 E - CH O S C
49.5

Miliusa siwalica 4275 E - - CO - S C
Dillenia palacoindica 52.50 N - - CH - S C
Securidaca miocenica 24.00 E - - CO O S C
Ryparosa prekunstelri 61.92 E N CO A S D
Gynocardia mioodorara 32.75 E - - CO A S D
Mesua tertiara 10.00 E P N CH A S C
Kayea kalagarhensis 41.60 E - N CcO A S C
Garcinia nepalensis 35.00 E - N CO A S C
Dipterocarpus siwalicus 66.00 E P N CH O,CR S D

190.00 E - N CH @) S D
D. koilabasensis 236.25 E - - CO - S c
Shorea eutrapizifolia 13.25 E CO A S C
Hopea mioglabra 28.44 E - - CO A S D
Isoptera siwalica 34.20 E - - CH ) S D
Evodia koilabasensis 20.90 E - - CH O C C
Murraya khariense 07.30 E A - CO A C D
Atlantia miocenica 05.22 E - - CH A C C
Brucea darwajensis 08.27 E P N CcO A S C
Chloroxylon 05.60 E - CH A C C

palacoswietenia

Aglaia nepalensis 25.50 E - CH - C C
Zizyphus miocenica 05.60 E - - CH O S D
Fissistigma mioelegans [7.48 E P - CO 0 S C
Filicium koilabasensis 26.25 E P N CH A S C
Euphorea nepalensis 27.00 E P - CcO A S C
Nepheliwun palaeoglabrum  41.00 E - - CcO A S C
Orophora miocenica 14.25 E A S CO - S D
Sabia eopaniculata 21.98 E P CH - S C
Bouea koilabasensis 12.00 E P N CcO A S D
Swintonia palaeoscinvenckii 13.50 E - N CH O S C
Tapiria chorkloliense [1.25 E - - CO O S D
Mangifera someshwarica  26.40 E P N CH A S D
Albizia siwalica 07.50 E A N CO A C D
Casssia. nepalensis 10.08 E P - CH O C D
C. miosiamea 05.25 E A N CH O C C
C. neosophora 03.80 E A N CH O C c
Dalbergia miosericea 14.40 E A N CH A C D
D. enculirata 06.46 E A CH A C C
D. siwalica 07.20 E - - CH ) C C
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D. miovolubilis 02.00 E -
M. koilabasensis 28.40 E P
M. miobrandisiana 02.53 E -
M. imlibasensis 07.48 E -
Ormosia robustoides 35.00 E p
Cynometra iripa 02.80 E A
Samanea siwalica 02.00 E
Anogeissus eosericea 10.75 E -
Calycopteris floribundoides 12.48 E p
Terminalia koilabasensis 11.20 E P
T. siwalica 35.60 E P
T. panandhiroensis 57.60 E -
Combretuum 15.75 E P
palaeodecandrum
Lagerstroemia siwalica 42.00 E -
Woodfordia neofruticosa 03.00 E -
Anisophyllea siwalica 20.80 N
Syzvgium miocenicum 24.44 E -
S. miooccidentalis 08.00 E -
Lonicera mioquin 08.75 E -
quelocularis
Randia miowallichii 13.80 E -
Morinda siwalica 07.56 E P
Diospyros koilabasensis 09.00 E -
D. darwajensis 55.90 E -
D. pretoposia 108.00 E -
Tabernaemontana 13.86 E P
precoronaria
Carissa koilabasensis 05.60 E A
Gaertnera siwalica 12.00 E -
Dartira miocenica 59.20 N P
Anacolosa mioluzoniensis  23.12 E A
Vitex prenegindo 20.90 E P
V. siwalica 31.50 E -
Cinnamomum niioinuctum  06.48 E A
Ficus precunia 20.25 E -
F. retusoides 31.32 E p
F. nepalensis 28.00 E -
Helicia eoerretica 42.00 E -
Phyllanthus koilabasensis  08.93 E A
P. mioreticulatus 03.50 E A
Antedesma siwalica 47.15 E
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patterns of plant distribution. The exotic taxa may have had a
wider distribution in the Miocene, which subsequently con-
tracted perhaps due to a changing climate. On the other hand,
these taxa may have reached the Himalayan foot-hills in the
Koilabas area by dispersal mechanism from other subconti-
nents, most probably at the time of former existed land con-
nections or from other areas of India and Nepal, but subse-
quently became extinct.

The Koilabas assemblage is mainly represented by the
members of the tropical families Fabaceae, Dipterocarpaceae
and Anacardiaceae (Table 1). The fossil record of these fami-
lies shows that they were abundant in other parts of India and

Nepal in the Neogene Period (Bande & Prakash, 1984; Prasad
& Awasthi, 1996; Prasad er al., 1997), whereas during
Palacogene the family Fabaceae was hardly represented and
Dipterocarpaceae was absent throughout the Indian subconti-
nent. It indicates that these two families may have entered
India during the Neogene after the establishment of land con-
nections with areas where they were flourishing in the
Palacogene Period.

Phytogeographically. Dipterocarpaceae may be regarded
as an important family. The present and past distribution of
the family indicates that it is pantropical and specially belang
to tropical Asia except thattwo genera Marquesa and Monotes
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which are distributed in the African regions. The fossil record
suggests that Dipterocarpaceae originated during the early
Middle Oligocene (Merril, 1923; Muller, 1970). Lakhanpal
(1974) further envisaged that the family originated in western
Malaysia, where about two third of all dipterocarps species
occur today (Desch, 1957). This region is also quite rich in
the fossil record (Lakhanpal, 1974; Bande & Prakash, 1986).
From western Malaysia dipterocarps spread east ward to
Phillippines and northward through Myanmar to India. The
possible time of the southwest migration was Early Miocene
when the land connnections between Malaya, Myanmar and
eastern India were established. The abundance of dipterocarps
such as Dipterocarpus, Anisoptera, Hopea, Dryobalanops in
eastern India as well as in southern India during Miocene-
Pliocene times indicates that they spread from eastern India
to south west to Srt Lanka via Himalayan foot-hills where
they are still flourishing. The occurrence of dipterocarpaceous
remains (fossil woods. leaves, fruits, flowers and seeds in the
Himalayan foot-hills (Antal & Awasthi, 1993; Antal & Prasad,
1996b; Awasthi, 1982; Prasad, 1994a-e; Prasad & Awasthi,
1996) and the Tertiary beds of Africa (Bancroft, 1933;
Chiarugi, 1933) suggests that from eastern India the
dipterocarps also spread westward into Africa most probably
via Arabia (Lakhanpal, 1970; Seward, 1935).

In the floral assemblage recovered from Siwalik sedi-
ment of Koilabas area, three types of elements have been iden-
tified, viz., (i) Evergreen, (ii) Evergreen and Moist deciduous
and (ii1) Moist deciduous elements (Table 2). The evergreen
elements dominate the assemblage as compared to other ele-
ments. This obviously indicates that the tropical evergreen
forests were growing around Koilabas area during Middle
Miocene as compared to the present mixed deciduous forests
in the region. It is further inferred that the evergreen taxa which
were growing in the vicinity of Koilabas have got migrated to
other phytogeographical regions due to unfavourable climatic
conditions prevailed after Mio-Pliocene Period most prob-
ably due to the uplift of Himalaya.
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T.M. Harris Medal 1998

Introduction by Professor A.K. Sinha

Dr David J. Batten was born on 26.4.1943 at Watford
(London). England. He attained secondary education in
London and after two years of schooling in Canada joined
Queen’s University (Kingston, Ontario) for graduation, first
with a B.A_ in liberal arts in 1964 and then with an Honours
B.Sc. in Geology in 1965, with Biology as a subsidiary sub-
ject. This was followed by a year at University College, Lon-
don where, among other things, he was introduced to
palynology and palaecobotany by Professor Bill Chaloner. He
graduated with M.Sc. from there in 1966 and was awarded a
Ph.D. in Geology/Palynology by Cambridge University in
1969 under the guidance of Dr Norman Hughes.

Dr Batten spent further two years in Cambridge on a
post-doctoral fetlowship before working for Robertson Re-
search International in North Wales as a palynologist/
stratigrapher. Then he moved to similar position in British
Petroleum in 1973 first in London, then in Aberdeen. He was
appointed to the staff of the Geology Department of Aber-
deen University in 1976 thus beginning his teaching career
and here he remained for 15 years. During this period he was
promoted to Senior Lecturer and then Reader. Subsequent
move to the University of Wales, Aberystwyth in 1990,
awarded a Personal Chair (Professorship) in 1992. He has
supervised 23 M.Sc. and 14 Ph.D. students during his aca-
demic career. Here he is also the Director of the Palynological
Research Centre at the University of Wales.

His research interests have been directed at all aspects
of the morphology and occurrence of organic matter in
sediments, regardless of age, but especially at Mesozoic
palynology, palaeobotany and palaecoenvironments. Currently
he is working on possible and probable early angiosperm

‘mesofossils’. Dr Batten’s publications are concerned with a
variety of topics and organic walled fossils including small
spores and pollen grains, megaspores, seeds, plant
macrofossils, dinoflagellate cysts and non-marine algal
palynomorphs. He has special interest in the stratigraphy and
palacontology of the Cretaceous Period and has been Editor
of the International Journal Cretaceous Research for just over
10 years and is also on the Editorial Board of the Review of
Palacobotany and Palynology. He has been the Councillor and
then the Vice- President of the International Federation of
Palynological Societies. He was also the chairman of the
Palynology Group, British Micropalaeontological Society.

Dr Batten’s contribution on Palynofacies in
palacoenvironmental interpretation and petroleum potential
published in Palynology : principles and applications (edi-
tors- Jan Jansonius & D.C. McGregor), American Associa-
tion of Stratigraphic Palynologist Foundation, Vol. 3, pages
1011-1084 in the year 1996 has been adjudged to be the best
for the award of Professor T.M. Harris Medal for the year
1998.

Response by Professor D.J. Batten

Professor Sinha, Ladies and Gentlemen

am honoured to receive the Professor T.M. Harris Medal

1998, and most grateful to the Expert Committee for having
selected me for the award. I am sorry that [ am unable Lo at-
tend the Founder’s Day Function, but look forward to coming
to the BSIP at a later date.

I have visited the Institute once before, on the occasion
of the very successful and enjoyable Fourth International
Palynological Conference at the end of 1976/beginning of
1977. Among the many people, | met for the first time in
Lucknow was Mrs Savitri Sahni, though to her I was probably
just a face in the crowd. Both this conference, and the field
trip led by G. *‘Thani’ Thanikaimoni to southern India in which
I participated afterwards, are among the highlights of my ca-
reer in palynology and palaeobotany. This began in 1965 when
I started working for an M.Sc. in micropalaeontology at Uni-
versity College, London. I subsequently spent three years in
Cambridge as a Ph.D. student. followed by two more there as
a post-doctoral fellow before joining Robertson Research in
North Wales and then British Petroleum in London and Aber-
deen, Scotland. T returned to academia in 1976 when | was
appointed to a lecturership in Geology at Aberdeen University.
[ transferred to the University of Wales, Aberystwyth in 1990.

I have been keen on plants ever since | was old enough
to dig, with a small hand-fork, a patch of ground the size of a
postage stamp outside my parents’ ground-floor flat in south

© Birbal Sahni Institute of Palaecobotany, India
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London. This was a couple of years before Professor Birbal
Sahni’s untimely death. As a teenager [ used to get cross with
my mother if she ‘interfered” with my work in the rather big-
ger garden we had at that time, especially because she liked to
prune things and I preferred a more natural look. Not being a
keen gardencr my father was happy to leave me to it! To-
gether with an enthusiasm for the countryside outside Lon-
don, which I would often explore on my bicycle, and the op-
portunity 1 had to visit some of the wilder parts of North
America in my late teens, the seeds of a life-long interest in
vegeltation, and the soils, sediments and rocks beneath it, were
sown.

I began my university studies at Queen’s University in
Ontario. Canada, intending to study biology, with emphasis
on botany and ecology, but was sufficiently inspired by the
first year course I 1ook in geology that | decided to concen-
trate on it, relegating biology to a subsidiary subject. It was
quite by chance that I returned to London to pursue the M.Sc.
course in micropalaeontology [ have mentioned. I knew very
little about microtossils and absolutely nothing about those
derived from plants, but it was during this important period of
study that I found 1 could get back to my roots, so to speak,
and think about vegetation and habitats again, albeit mainly
in a geological context. Three things in particular that year
inspired me to continue in palynology : (1) Dr, now Professor,
Bill Chaloner’s enthusiasm for the subject, and his encour-
agement; (2) the fact that the *mystery sample” [ had to proc-
ess and write up proved to contain some very pretty Early
Cretaceous spores and pollen grains; and (3) the possibility of
using sedimentological and palacontological data as a basis
for imagining dim and distant but exciting ancient worlds. 1
especially liked to think about dinosaurs and early mammals
roaming amongst exotic subtropical vegetation in southeast
England where there are now farms, towns and the spraw! of
London.

The desire to interpret sedimentary successions from a
palaeoenvironmental viewpoint led me to collect several hun-
dred samples from the Lower Cretaceous, Wealden, succes-
sion of southern England for my Ph.D. project. and to exam-
ine not only the spores and pollen grains I recovered but also
all the other organic bits and picces that made up my assem-
blages. During the 1960s most palynologists, including my
supervisor Dr Norman Hughes. considered that the main pur-
pose of studying pre-Quaternary palynomorphs was to pro-
vide a basis for dating and correlating rocks. With few excep-
tions. published palaecoenvironmental interpretations based on
palynological data were broad generalisations that relied
largely on relative abundances of only major groups of spores
and pollen grains, and on the presence or absence of marine
dinoflagellate cysts and/or acritarchs. Less well-characterised

organic matter, such as cuticles, wood fragments and amor-
phous detritus, was regarded as a nuisance (0 be removed. if
possible. from preparations by oxidation or other means.

The fact that from the start I tried to take into account the
entire palynological content of rock samples in my studies
has paid dividends in the long run. It proved to be particularly
useful when British Petroleum began to develop organic
geochemical studies in connection with its oil exploration pro-
grammes during the 1970s. At that time, the geochemists in-
volved were keen to know whether their conclusions regard-
ing maturation and source potential for hydrocarbons could
be correlated reliably with data on the colour and physical
characteristics of palynological matter recovered from the same
samples.

In recent vears, many biostratigraphic jobs in the major
oil companies have been lost, and at times the future of
palaecopalynology as a discipline has looked a little bleak.
Fortunately it has survived because palynostratigraphy not only
continues to have a role to play in the exploration for hydro-
carbons but also, when combined with intelligent use of
palynofacies data, can be of considerable value in sequence
stratigraphic analyses, interpretations of sedimentary environ-
ments of reservoir successions, and other geological studies.
The key to survival has been the willingness of the majority
of palynologists to collaborate with specialists in other disci-
plines. This applies also to those involved in the many
multidisciplinary investigations of Quaternary environmental
changes that are currently being undertaken.

Although my palynological work was somewhat removed
from the palacobotanical endeavours of Professor Harris. our
paths crossed during the early 1970s when T had the good
fortune to benefit from his wisdom in my attempts at drawing
palacoenvironmental conclusions from my Ph.D. and post-
doctoral studies on the Wealden flora. He was critical but also
encouraging, and | learned a lot from our correspondence of
several years and from my one visit 1o his home where I was
made very welcome, 1 especially appreciated the fact that,
whereas some of my palynologist acquaintances were rather
dismissive of palynofacies studies, he could see that they had
considerable potential. It is, therefore, a particular pleasure
for me not only to be awarded a medal by the Birbal Sahni
Institute of Palacobotany but also that it is named after some-
one I knew and whose work [ have admired and often cited.
thank you again.

Institute of Geography and Earth Sciences.
University of Wales.

Aberystwyth SY 23 3DB,

UK.
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Chunnilal Khatiyal Award 1998

Introduction by Professor A.K. Sinha

I am pleased to introduce Dr Amit K. Ghosh as the 1998
recipient of Dr Chunnilal Khatiyal Medal. Dr Chunnilal
Khatiyal established the award in 1952 1t carries a medal and
a citation. In order to motivate and recognize excellence in
research, this award has been made on the recommendations
of Expert Committee constituted by the Director and Chair-
man of Birbal Sahni Institute of Palacobotany (BSIP) for car-
rying out best piece of research work during the three years,
preceding the year of award.

Amit has a consistently good academic record. He has
achieved different scholarships since the beginning of his aca-
demic life. Amit completed his schooling in Durgapur
(Burdwan District, West Bengal), an industrial town, adja-
cent to Raniganj and Asansol area, one of the greatest coal
measures of India. During his intermediate course of studies
he received the Merit Scholarship sponsored by Steel Au-
thority of India Limited, Durgapur. He is also the recipient of
National Merit Scholarship during his M.Sc. course of study.
His undergraduate degree (B.Sc. Honors in Botany), Masters
(M.Sc., Botany with special paper Palacobotany &
Palynology) and Ph.D. degree are from the University of
Burdwan. Later on. he successfully completed a Professional
Training Course in Geology from the Geology Department,
Lucknow University.

Dr Ghosh began his research career as a Junior Research
Fellow in the Department of Botany, University of Burdwan.
He obtained Ph.D. degree in 1992 for his Ph.D. thesis entitled
“Contributions to the Triassic Palacobotany and Stratigraphy
of Peninsular India”. Amit continued his research activities in
the same university as a Research Associate of Council of
Scientific and Industrial Research before joining BSIP.

Amit joined Birbal Sahni Institute of Palacobotany in
April 1994 as a Junior Scientific Officer. Since then, he was
inspired to work on the morphotaxonomy, biostratigraphy,
palacoecology and palaeobathymetry of Phanerozoic calcar-
eous algae. Not much attention was paid earlier on this aspect
of palaeobotany in our organization. The Chunnilal Khatiyal
Medal-1998 has been awarded to him specifically for his sig-
nificant contributions on the morphotaxonomic study includ-
ing the biostratigraphical, palaeoecological and
palacobathymetrical importance of calcareous algae from the
Cretaceous-Tertiary sediments of Bagh beds, Cauvery and
Kutch basins. In addition, Dr Ghosh has made some impor-
tant findings on the sponges and dasyclads from the Ordovician
(Takche Formation) of Spiti Basin in ‘Tethys' Himalaya and
megaspores from the Lower Cretaceous (Athgarh Formation)
of Mahanadi Basin. In the 9" Five Year Plan he is actively
engaged in a very significant Thrust Area “Petroliferous ba-
sins of India”. Under this Thrust Area Programme Amit is
carrying out intensive studies on Calcareous Skeletal Algae
from the Tertiary sequences of Meghalaya and Kutch basins
under the project entitled “Marine Micropalacontology of
Petroliferous basins™. Each year he used to go to field for col-
lecting samples from measured sections of specified locali-
ties which are potentially suitable for his studies.

Personally. [ always encourage him for working very hard.
In true sense, this young scientist of our institute deserves the
honour which he has achieved for his devotion to research
work. I feel proud of him and wish him all round success in
his future research programme. I will indeed be very happy if
Amit continues his studies on calcareous algae and make fur-
ther meaningful contributions on this aspect.

Response by Dr Amit K. Ghosh

I am indeed deeply honoured and at the very outset |
would like to thank the authorities of BSIP for the award of
Chunnilal Khatiyal Gold Medal-1998. | should take this oc-
casion to recapitulate the major points in my love affair with
fossil plants. Perhaps. my budding interest in palaeobotany
was nurtured in my early teens when I was a graduate student
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of Botany. As an honours graduate student of Botany, [ first
visited Permian plant fossil localities around Raniganj and
Asansol area of Raniganj Coalfield. West Bengal. My fasci-
nation on Palacobotany intensified further when | joined as a
Junior Research Fellow in the Palacobotany and Palynology
Section of Botany Department, Burdwan University after pass-
ing the M.Sc. (Botany) examination with Palaeobotany and
Palynology as a special paper from the same department in
1987. Atthat time my greatest interest was in morphotaxonomy
of Triassic plant megafossils, megaspores and miospores and
their stratigraphical and palaeoecological significance. Later
on, in 1992 ] submitted my Ph.D. dissertation on Triassic
Palaecobotany and Stratigraphy while I was working as a Sen-
ior Research Fellow. In the same year [ received the Degree
of Doctor of Philosophy in Science (Ph.D.) from Burdwan
University. I devoted my research activities in the same Uni-
versity after receiving the award of Research Associateship
of Council of Scientific and Industrial Research (CSIR) till |
joined Birbal Sahni Institute of Palaecobotany.

In BSIP, I started working on the morphotaxonomy,
biostratigraphy, palacoecology and palacobathymetry of Phan-
erozoic calcareous algae. These aquatic (moist loving), au-
totrophic and nonvascular plants (which failed to reach the
higher level of archegoniates) mainly from the marine car-
bonate sediments of Ordovician, Cretaceous and Tertiary se-
quences of India in true sense captivated my mind.

Dr Chunnilal Khatiyal Medal (for the year 1998) which
was established in 1952 has been awarded to me for the best

piece of research work done during the years 1995-1998 (on
calcareous algae from Cretaceous-Tertiary sequences of Bagh
beds, Cauvery and Kutch basins). In this context I must con-
vey that | have always been very fortunate with my teachers.
supervisors, research colleagues, advisers as well as collaho-
rators. In fact, I feel they are all part of my achievementto gel
this award.

1 would like to thank my mother, wife and other family
members on this occasion. Though, my father is no more in
this world, his departed soul always boosted me to do hard
work throughout my research career.

[ desire to take this opportunity to thank Professor A.K.
Sinha, Director. BSIP for his constantencouragement and keen
interest on the study of fossil algae. I am indebted to the Chair-
man of Governing Body and Research Advisory Council of
BSIP and also to the members of Governing Body and Re-
search Advisory Council, BSIP. Last, but not the least [ would
like to pay my gratitude to the expert committee, constituted
by the Director and Chairman, BSIP for recommending me to
the Chunnilal Khatiyal Medal-1998. Before I close, [ want 1o
express that this award will always cheer me to make further
significant contributions in my ongoing studies on calcareous
fossil algae.

Birbal Sahni Institute of Palacobotany.
53 University Road, Lucknow 226 007,
INDIA.
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Conference Reports

5t International Symposium on the
Jurassic System, Vancouver, Canada

12-25, August, 1998.

Main theme of this Symposium was the
choronostratigraphy of the Jurassic System. In view of the
incoming information in various disciplines of geological sci-
ences, the stages and stratotypes need reframing. The presen-
tations of research papers were held mainly under General
Session, Special Session and Poster Session. In this Sympo-
sium, around one hundred fifty geoscientists and
biostratigraphers participated from about twenty five coun-
tries. About hundred research papers were presented.

General Session—Mainly dealt with biostratigraphy of
Lower, Middle and Upper Jurassic sequences explored in vari-
ous parts of the world. The invertebrate fauna hold the key in
Jurassic Biostratigraphy, which include - Ammonoids,
Brachiopods, Radiolarians, etc. Study of spore-pollen, al-
though not worked-out in much detail in Jurassic sequences,
still accountable as supportive tool in biostrastigraphy. How-
ever, dinoflagellate cysts attain priority in palynostratigraphy.
Isotopic studies have drawn attention as an important tool in
chronostratigraphy.

Special Session—Focussed on research papers, further
grouped into following themes, so that the precise informa-
tion could be obtained.

(i) The Jurassic of Western Canada

(1) Extinction and Recovery

{ii1) Terrestrial Ecosystems

{(iv) Tethyan-Pacific connections : The Hispanic corridor
(v) Time scale calibration

(vi) Sequence Stratigraphy

Poster Session—Aboul twenty-five posters were dis-
played having wide spectrum of the studies for detailed dis-
cussions on-Sequence Stratigraphy in lithofacies, correlation
of Ammonoid based stratigraphy with other fungal zones or
Isotopic studies.

Presentations at the Symposium—Numerical ocean-
models are proposed to unravel the Jurassic seaways. Besides,
an updated data of bivalve mollusks are analysed to under-
stand Hispanic corridor during Late Triassic to Middle Jurassic
times. Search for possible GSSP candidate as stratotypes for
various stages-Oxfordian-Kimmeridgian, Callovian-
Oxfordian. and Sinemurian-Pliensbchian, have put forth a se-
rious problem of biostratigraphic correlation between differ-
ent biogeographic provinces. The reasons offerered are not
so good collectively for microfossils, gcochemical and
chemostratigraphical studies. The selection of reference sec-
tion needs an integrated stratigraphic approach. The potential

GSSP candidates have been proposed in NW Spain and
south west Germany.

Sequence Stratigraphic analysis in Jurassic sedimenta-
tion is favoured by both excellent outcrop conditions and wel}
established biostratigraphic scale. The deposit sequences dis-
play significant variations in their thickness and facies which
help to analyse and interpret depositional environments. In
Western Tethys, review of available data has revealed
stratigraphy within the palacogeographic domain of Alpine
Belt and Saharian Craton.

The correlation between the stable Carbon-isolope curves
to ammonite zonations is attempted in southern Spain. The
applicability of Strontium-isotope stratigraphy as a global tool
has been attempted and results show that in most cases
biostrastigraphy correlates well with Sr-isotope data through
most of Jurassic and Early Cretaceous sequences.

Plant communities help interpret palacoclimatic and
palaeoecologic impacts during the sedimentation in a time span
as derived from the studies of Jurassic flora in New Zealand.
Scotland and North China. Worldwide correlation of ammo-
nite faunal zones based on Euroboral and Alpine data for the
Upper Sinemurian, Early Hettangian have been putforth. Be-
sides, preservational variations in ammonite associations have
been observed. These enable to distinguish taphonomic cy-
cles resulting in relative sea-level changes. Such taphonomic
data are important for sequence stratigraphy.

Extinction and recovery of fauna in both marine and
nonmarine reaims suffered heavy losses among the inverte-
brates, ammonoids, bivalves, etc. The timing of extinction has
appeared to be restricted to a short interval that is at or top of
the Rhaetain stage. Due to the lack of complete fossiliferous
stratigraphic sections, causes of extinction patterns remain
unknown.

The taphonomic mode of preservation of-Dinosaurs and
foraminiferal fossils that also have diverse groups including
small vertebrates—invertebrates and plants indicate
significantly the ranges of time of exposure to taphonomic
processes. These findings are useful in interpreting
palaeoenvironment and accumulation of sediments in the
depositional basin.

Palynostratigraphic studies have also supplemented in
the Jurassic sequences, besides dinoflagellatge cysts in the
assemblages are significantly accounted for biostratigraphy.

Multdisciplinary Chronostratigraphy has been attempted
on terrestrial Jurassic-Cretaceous sequences in China. It in-
cludes-Tethyan Ammonite Zonation, Magnetostratigraphy,
Isotopic-geochronology and Sequence Stratigraphy.

In the areas of NE China, located in Circum-Pacific ac-
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tive belt of volcanic structure. the chronostratigraphic analy-
sis is being attempted through Jurassic-Cretaceous volcanic-
rocks. Abundant fossils including-fauna. plants and spore-
pollen found in the sediments deposited in between volcanics
have proved significant in the chronology of Mesozoic
stratigraphic sequences.

Biostratigraphy and sedimentary developments have been
worked out in the Jurassic strata rom Central Nepal and South-
ern Tibet. The Jurassic depositional cycle in this region has
been interpreted in having two major depositional diastems
during which chamositic oolite had deposited.

The numerical and analytical results show that poten-
tially palaecobiogeographical and isotopic investigations in tar-
gel areas could contribute significantly in the palacoclimatic
understanding of the Jurassic period. The hypotheses for ex-
tinction and recovery of fauna and flora at boundary levels
need further testing with geochemical and paleoecological data
from a wider variety of facies. The Sequence Stratigraphy is
still in its developing phase. It needs principal concern to-
wards sedimentary cyclicity, astronomical time scales and se-
quence recognition. In the domain ol western Tethys, com-
parisons have to be made along the northern edge or Tethys
and adjoining territories. Study ot spore-poilen in the faunally
controlled sections is being suggesied. So that palynoevent-
sequence of species could find its placement along with other
biostratigraphic zonations. To refine the Sr-isotopic curves,
more data base is needed, so that it could be calibrated with
global cross-correlation of different biostratigraphic schemes.
Further work is required with multidisciplinary approaches
for chronostratigraphy to resolve the ages of the Stages, Zones
and Biohorizons.

Vijaya

Birbal Sahni Institute of Palacobotany
53 University Road,

Lucknow-226 007, India.

Systematic Wood Anatomy Symposium
7% Latin American Botanical Congress,

Mexico, October 18-24, 1998,

The conference jointly organised by various Latin Ameri-
can associations/societies of Botany such as Sociedad Botanica
be Mexico, A.C., Association Latinoamericana de Botanica;
Red Latinoamericana de Botanica: Univ. Autonoma
Metropolitana Mexico: Univ. National Autonoma de Mexico;
Inst. de Ecologia, UNAM, Comision Nac. para et
Concocimiento y Uso de la Biodiversidad & CONABIO and
dealt with all aspects of botany. It was atiended by about 1000
delegates belonging (o over 25 countries from American Con-
tinents. Europe and Asia. However, most of the delegates were

from Latin American countries. More than one hundred sev-
enty papers were presented orally in 35 sessions arranged si-
multaneously. Posters of over 1000 papers were put up in dif-
ferent sessions.

A number of papers were presented on anatomy of wood.
leaf. fruit. stem, root and rhizome of various genera. Wood
anatomy of family Anacardiaceae was dealtin great deal based
on large data comprising 60 genera and 800 species. Xylotomy
of 26 species of Quercus growing in Mexico was reported.
Different species of oaks (Red, Black & White) have been
separated on the basis of wood anatomy. Quantity of crystals
in parenchyma cells and quantity of fibre cells have been con-
sidered as an important differentiating characters.

Sultroots of Rhizophora have been called as Rhizophore
as in the case of Selaginella. Stilt roots of Rhizophora are not
the roots but stems which ultimately give rise 1o very small
roots. Such type of rhizophores have also been reported in
Vernonia, Dioscoria and Similax. A tropical genus Tebeuia of
Bignoniaceae occurring from Argentina to Mexico has been
found suitable for the dendrochronological studies. A paper
discussed the current status of comparative wood anatomy.
Dala was presented on the wood anatomy of Brazil, Chile and
Mexican woods. New data on the anatomy of Cheilanthus,
Divopreris and Lycopodium was presented. Perforated ray
cells were reported in the wood of genus Cordia of family
Boraginaceae. Tracheid cavities were reported in Cycadaceae
(Cycus revoluta).

Some interesting papers on palacobotany
reported lycopods from Carboniferous sediments of Peru,
microfosstis from the Permian of Brazil, and 70 million years
old Cretaceous fossils representing infructescence, feaves etc.
belonging to various [amilies such as Isoetaceae, Taxodiaceue.
Musaceae, Strelitizaceae, Araceae, Pandanaceae, Halorgaceae,
Hemainelidaceae, Rhamnaceae, Lauraceae and Moraceae were
reported from Mexico. Microalgae has also been reported from
the sediments.

Dicot fossil woods were reported for the first time from
the Tertiary sediments of Guatemala. Some dicots were also
reported {rom the Oligocene deposits of Mexico. A paper dis-
cussed the palaeogeograhpy of Cycadales. Role of Tertiary
highlands in biogeography and evolution of North American
Tertiary flora was discussed. A paper discussing interaction
between the vegetation of North and South America during
Tertiary was presented.

There were papers on history of botany, history ot her-
baria, ethnobotany, on medicinal plants, extraction of alka-
loid/flavonoids from Ageratum, Dioscoria and from the mem-
bers of Annonaceae and Melastomaceae. Papers on morphol-
ogy and taxonomy of poliens belonging to various genera and
families and on pollination biology were presented.
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A number of papers were presented on foliar anatomy
and on family Cactaceae, impact of El Nino in forest fire, on
the phylogeny of Quercus molecular phylogeny of Desmodium
using nucleotide sequence of the rbcl gene and bryophytic
and pteridophytic diversity in rain forests of South America.

[t was recommended to increase the growth of froests in
order to increase the biomass, production of quality timber
and its proper and maximum utilization.

There was general agreement that there should be better
co-operation amongst the various botanical bodies/organisa-
tions of the Latin American countries as well as with other
botanical organisations to achieve excellence in
botanical researches and in the efforts of conserving rare plant
material. The wider co-operation will also help in procuring
rare and other relevant living material from different parts of
the world.

J.S. Guleria
Birbal Sahni Institute of Palaeobotany
53 University Road, Lucknow - 226 007, India.

4 International Conference on
Biodeterioration of Cultural Property,
Teheran, Iran, 21 - 25 November, 1998 and 3rd
International Symposium on Conservation
and Restoration of Historical objects and
Architectural decorations, Teheran, Iran,

29 November - 2 December, 1998

The 4" International Conference on Biodeterioration of
Cultural Property” was held at Iranian National Museum
Teheran, Iran from 21*-25" November, 1998. Over 100 par-
ticipants from Australia, Britain, China, Egypt, France, Ger-
many, India, Iran, Italy, Japan, Korea, Norway, Poland, Ro-
mania, Thailand, Turkey and U.S.A., assembled in Teheran.
The Main objectives of the conferences were to find out ways
for co-operation between scientists and conservators from dit-
ferent countries to understand problems ot biodeterioration
and to make precise identification of biodeteriorants in order
to prevent their harmful effects. During his address, the Di-
rector. RCCCR, Dr Abdolrasool Vatandoust, emphasised that
due (o emergence of new deteriorants the deterioration rate
has increased during the 20® century. Second speaker Dr Hideo
Arial, President ICBCP stressed promotion of the
multidisciplinary approaches to control the biodeterioration
problem. Dr H.M.M. Najafi. Director. Ayat-Allah-Al-Uzma-
Marashi-Najafir-Library considered the microrganisms more
important destructive elements than fire and suggested pre-
cautionary measures can play important role than remedy for
the prevention of properties. He further emphasized climatic

characters and told that Iran is located in hot and arid area so
its properiies are more exposed to the biodeterioration fac-
tors. Under 10 scientific sessions 40 contributions dealt with
General principles of biodeterioration, Manuscripts, Books,
Stones, Wood, Textiles, Architecture, Experiments, Treatment
and preservation, and Control methods, etc. were presented
and discussed. The study on “Fungal remains from Tertiary
deposits exposed at Sirmaur District, Himachal Pradesh, In-
dia”. revealed that during Subathu, Dagshat formations the
environment of deposition at Dadahu-Jamtah area was {avour-
able for the growth of numerous fungi and saprophytic forms
which destroyed the palacovegetation. The corresponding taxa
grow on various materials and effective measures can be taken
to control the biodeterioration of cultural properties wherever
itis caused by similar fungi.

The **3* International Symposium on Conservation and
Restoration of Historical objects and Architectural decora-
tions” was held at same venue, from 29" November-2"
December. 1998. Over 400 participants (generally Iranians)
were assembled. Other participating countries were Britain,
India, Japan, Romania and Jordan. Its main objective was to
create a proper platform for experts of different countries to
exchange their views and to review the potentials in the resto-
ration activities at international level. During the inaugural
address Dr Vatandoust said that if biodeterioration rate con-
tinues we will lose not only our properties but also contact
with past. Second speaker Madam Parvin Partouie, Vice-Chan-
cellor for Research, University of Art gave emphasis for es-
tablishment of communication network among different coun-
tries through which relevant activities can be exchanged. Third
speaker Mr Seied Mohammad Baheshti, Director, Iranian
Cultural Heritage Organization emphasized that any histori-
cal object is like a window to the past so we should preserve
them. Scientific sessions encompassed Theoretical principals
of conservation, General conservation for papers, manuscripls,
books; Conservation science, archaeology and conservation,
Pathology and conservation projects, Deterioration processes,
Materials sctence and Technology. 38 papers dealing with dif-
ferent aspects of conservation and restoration were presented
and discussed.

An exhibition displaying latest developments in the field
of biodeterioration, conservation and restoration methods,
relevant projects, materials, tools and literatures, etc. was ar-
ranged. Two excursions (1. to Tehran-Qom-Esfahan and 2. 10
Tehran-Ghomrud-Kashan-Abyanes) were organized to visit
ancient sites and historic monuments in order to investigate
and discuss problems related with biodeterioration and con-
servation, etc.

Asha Gupta
Birbal Sahni Institute of Palaeobotany,
53, University Road, Lucknow - 226 007, India.
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ABSTRACT

Pant DD 1999. Dominant gymnosperms of the Glossopteris flora. Palacobotanist 48(2) : 111-123.

The paper presents new ideas about the Lower Gondwana forests which the author believes were
dominated by deciduous gymnospermous trees of Glossopreris and its allied genera. It is suggested that the
larger wees of glossopterids may have been 30 to 40 m or more in height and below them grew shorter trees
and shrubs ot Glossopteris and its allies. The large size of glossopterid trees is suggested by that of uee
trunks assigned 1o Dadoxylon sp. from the Ranigany Stage where Glossopieris is the commonest fossil and
the genus Noeggerathiopsis. to which they had been assigned earlier. is a rarity. Such trees could have been
supported by horizontally spreading axes or roots at the base of the wrunks as suggested by fossil axes or
roots around missing trunks reported from the bed of Vaal River in South Africa which too had been as-
signed to Noeggerathiopsis.

The deciduous glossopterid trees are compared with those of modem Ginkgo biloba. 1t is suggested
that the gradate series of glossopterid leaves with Glossopteris having a midrib and anastomosing laterals at
one end of the series followed by leaves of Gangwnopieris with anastomosing laterals and no midrib,
Rhabdotaenia with a midrib and dichotomising non-anastomosing laterals Palacoviniaria with a midrib in
the lower half and non-anastomosing spreading laterals, in the distal part, Rubidgea without a midrib and
spreading arched laterals and Nocggerathiopsis with dicholomising spreading straight veins at the other end
may form a series of leaves which may be relaled to each other. It is considered that Noeggerarhiopsis may
not be a cordaite.

The morphological nature of the fertiligers of glossopterids are discussed and compared with certain
abnormal peduncles of Ginkgo biloba and itis pointed out that 10 per cent of the leaves of this genus show
anastomoses and this genus may be allied 1o Glossopreris.

in addition, indubitable evidence in support of the in sine or autochthonous mode of formation of
Lower Gondwana coal is also discussed.

Key-words — Deciduous trees. Ginkgo biloba, leat-borne axillary fructifications, autochthonous coal.
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INTRODUCTION

HE dominant constituents of the Lower Gondwana

Glossopteris flora seem to have been the gymnosperms
of the Glossopteridales which appear o have formed rich for-
ests all over Gondwanaland. In India the coal deposits of Bihar,
West Bengal. Madhya Pradesh and Maharashtra have thick
coal-seams where asingle seam may be as thickas 31 m, e.g.,
in Kargali and Korba of Bokaro and Hasdo valleys, respec-
tively (Krishnan, 1949, p. 253) and about 46 m at Singrauli.
In many coal basins there are multiple coal-seams placed one
over the other interbedded with shale. The commonest fossils
of the flora are leaves of Glossopieris. Some allies of
Glossopieris e.g., Gangamoplieris. Rhabdotaenia, Rubidgea,
Palaeovitiaria. Pteronilssonia. Belemnopieris and
Sagittophvilum along with Noeggerathiopsis also occur. In
the earlier stages of the flora, leaves of Gangamopieris and
Noeggerathiopsis are predominant. Axes of Veriebraria and
petrified woods showing well marked growth rings are quite
common throughout the Lower Gondwanas. Among less fre-
quent gymnospermous fossils of the Glossopteris flora there
are a few narrow-leaved conifer-like remains as well but these
are not discussed in the present article.

ATTACHED LEAVES OF GLOSSOPTERIDS

Although the leaves of Glossopreris and its allies gener-
ally occur in detached state, rarely some of them have been
found attached to Vertebraria axes (Zeiller, 1896: Oldham,
1897 Arber, 1902: Dolianiti. 1954; Pant, 1977). In other cases

glossopterid leaves have been found attached to axes which
lack Vertebraria characters (Bunbury. 1861; Feistmantel, 1881:
Etheridge, 1894; Seward, 1910; Walton & Wilson. 1932:
Plumstead, 1956: Pant, 1967; Pant & Singh. 1974 Pant &
Chauhan, 1995). Etheridge (1994) found leaves ol
Glossopteris attached in apical clusters to small axes which
show rhomboidal leaf base scars below the clusters. Seward
{1910) has illustrated a whorl ol Noeggerathiopsis hislopii
leaves from India which shows a stem in the centre. Bunbury
(1861) and Feistmantel (1881) also found them attached
around twigs which they mistook for raches of compound
leaves and called them  Filicites and Sagenopieris. respec-
tively. Besides such clusters laterally attached single alternate
leaves of Glossopteris have also been described by Pant. 1967,
Accordingly, a reconstruction of the tree of Glossopieris made
by Pant & Singh (1974) and Pant (1977) shows lateral spi-
rally attached leaves around apical parts of the stem and api-
cal clusters of leaves in short spur shoots as depicted in a
reconstructed (wig of Glossopteris in Text-figure . Atach-
ment of leaves like that mentioned above for Glossopieris and
allies actually occurs in modern Ginkgo biloba which has api-
cal clusters of deciduous leaves in short spur shoots with
rhomboidal leaf base scars below. Towards the tips of long
shoots one can also see alternately attached deciduous leaves
in whose axils arise the short shoots (see Text-figures 2 & 3)
or the long shoot apices may themselves give rise Lo spurs (as
seen in Text-figure 3). The manner in which this transforma-
tion takes place has been analysed by Gunkel & Wetmore,
1946 and Gunkel ¢r al.. 1949.
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Text-ligure 1—Glossopreris. reconstructed twig with spirally arranged leaves
and axillary spurs. Two of the spurs bear fertiligers with Ouokaria
fructifications.

MODIFIED RECONSTRUCTION OF
TREES OF GLOSSOPTERIDS

The above mentioned similarities between the attach-
ments of leaves of glossopterids and those of modern Ginkgo
prompt me to review earlier reconstructions of trees of
Glossopteris (see Pant, 1977) and 1 can hereby suggest a few
additions and modifications. Firstly, the trees seem to have
been deciduous as first envisaged by Plumstead (1958) and as
the abundance of fallen leaves and paucity of attached ones in
Lower Gondwana beds also indicates. Secondly, the presence
of well marked growth rings in Lower Gondwana woods sug-
gests that the glossopterid trees were producing and living in
a cold or warm temperate climate with marked changes of
seasons. They were bearing green foliage leaves during sum-
mers followed by their avtumnal yellowing and fall during
cold winters as they do in modern Ginkgo biloba (see Text-
figures 4, 5 and 6). While growing in Lower Gondwana for-
ests the larger trees of Glossopieris may have reached diam-
eters of nearly a metre or more at their bases. Spreading
branched roots or rhizomes and their usually upright, some-
times bifurcated trunks may have been about 30 to 40 m or
more in height. The above ideas about the size of trees of
Glossopteris are based on the dimensions of large tree trunks

Text-figure 2—Ginkgo biloba. a twig from female tree with spirally ar-
ranged leaves: some of them have developed spurs in their axils (after
Kacmpfer, 1712).

first discovered in 1923 by W.W. Whitney of the East Indian
Railway ata place about 3 km from Asansol in an area which
Bradshaw in Bradshaw & Sahni (1925) attributed to the
Panchet Series of the Lower Gondwanas but which actually
belongs to the coal beds of Raniganj Stage in the Damuda
Series. The dimensions of one of these tree trunks (see Text-
figure 7) which is bifurcated in its lower part (a major part of
this tree is placed in G.S.1. Museum at Calcutta) are men-
tioned as being about 93 feet (= 28.6 m) and a maximum di-
ameter of only the central preserved column of wood as 2 feet
7 inches (= 78.76 ¢m) by Bradshaw in Bradshaw & Sahni
(1925). Making an allowance for the possible missing top and
bottom parts of the tree, I estimate its length to have been at
least 30 m or more. Its maximum diameter with surrounding
soft wood and bark which are not preserved may have been
about a metre or more.

Soon after the discovery of the trunks, Sahni (in Bradshaw
& Sahni, 1925) assigned one of them to Dadoxvion sp. and
thought that it may have belonged to Noeggerathiopsis. a
Cordaiies-like leaf genus which occurred in the Glossopteris
flora and which had been assigned earlier to the genus
Cordaites itself by Seward & Sahni (1920). Later, Sahni (1931)
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Text-figure 3—Ginkgo hiloba 1. painuing of a twig from a female tree showing a number of sput shoots with scars of tallen leaves and apical clusters of
icaves with ovulate peduncles m therr axils The lower spur shoot has broken oft Note that the long shoot apex has also become a spur. L 4 spur {from a mule
tree showing peduncles with stalked parred sporangia. HL faintly drawn outtine of a twig showing the long shoot apex; 1, 2, pairs of pollen sucs below a

hump. 3, 4, details of apical poruons of two ovulate peduncles with collars below two ovules: 3-8, different views of seeds: 9. a developing Icaf (all from
Siebold & Zuccanni. 1835-1842)
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Text-figure 4—Ginkgo biloba, a part of a wree showing lealy branches during summer (from Michel, 1986).

reported several more trunks of the same kind and reaffirmed
his earlier attribution of such Dadoxvion trunks to the
Cordaitales. It is possible that he did not consider the eligibti-
ity of Glossopteris 1o be the leat of such large gymnospermous
trunks because Feistmante] (1886) had described structures
which he believed to be sori in Glossopteris leaves and also
due to a general beliet at that time about the leaves of
Glossopteris being those of a fern (as indicated by the inclu-
sion of Glossopieris in the second volume of Seward’s Fossil
Plants 1910 and by the finding of sori of sporangia on the
scales of Glossopteris (Arber, 1905b).

However, the situation has now completely changed and
lately some leaves of Glossopteris and allies have emerged
out as fertiligers producing sceds and pollen organs and their

attached or detached stems, rhizomes or roots were first shown
to have a good deal of secondary xylem with araucarioid or
other types of gymnosperm-like pittings in the tracheids
{Walton & Wilson, 1932). Grouped pitting like that of
Vertebrariais also found in Catervoxylon, Paracatervoxvion,
Australoxylon, Tordoxylon, Myelontordoxvlion and
Pararordoxylon as pointed out by Pant & Singh (1987) and
these could be the woody trunk fragments of Glossopieris.
Grouped pitting of this kind had been noticed earlier by Holden
(1916) and Sahni (1931) who called it "somewhat Callixvion-
like grouping of radial pits on the tracheids”. However Sahni
regarded it as a possible Cordaitalean character. The second-
ary xylem of the above mentioned wood genera show abun-
dant narrow medullary rays and well marked growth rings
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Text-figure 5—Ginkgo biloba, trees with golden leaves during auvtumn (from Michel, 1986).

which are typical of gyminospermous wood (Walton & Wilson,
1932; Pant, 1956; Pant & Singh, 1987; Pigg & Taylor, 1993,
Pige & Trivett, 1994). Moreover, the leaves themselves show
thick cuticles with sunken stomata surrounded by papillate
subsidiaries around sunken guard cells showing gymnosperm
type of lignin lamellae (Pant, 1958). The midrib xylem of the
leaves of Glossopteris often shows bordered pits (Pant, 1958;
Surange & Maheshwari. 1962) and none of their well pre-
served leaves shows any sori. In contrast the cuticles of fern
leaves are delicate and their stomata lack lignin lamellae. Fur-
ther the frucufication bearing leaves or fertiligers of
Glossopreris bear seeds pollinated by disaccate Srriatites type
of pollen which are produced by Arberiella type of pollen
sacs borne on male fertiligers called Erenmonia, Glossotheca
or Nesowalesia (see Pant. 1977, 1987; Pant & Nautiyal, 1984;
Pigg & Trivett. 1994: Chandra & Singh, 1995). Further the
internal structure of axes of Verrebraria and leaves of
Glossopreris and its allies as well as that of the attached or
detached fructifications (fertiligers) attributed to them, as re-
vealed by earlier studies of compressions, has been vividly
confirmed by subsequent studies of their permineralized fos-
sils (see Pant, 1997 and references cited therein). In addition
to the above facts Glossopteris should be more eligible to be
the leaf of the numerous large tree trunks called Dacdloxylon
sp. by Sahni (1925, 1931) instead of Noeggerathiopsis, since

Glossopteris is the commonest leaf form occurring in the
Raniganj Stage wherefrom the large tree trunks have been
described, and Noeggerathiopsis, at this stage, had become
quite a rarity.

Unlike the short, only 4 metres high, trees envisaged by
Gould and Delevoryas (1977) dense forests of such high de-
ciduous trees of glossopterids showing well marked growth
rings in their secondary xylem would seemingly go well with
the rich deopsits of coal in the Lower Gondwana beds and
also with the frequent occurrences of petrified woods in asso-
ciation with remains of Glossopteris (Pant & Singh, 1987). |
think that the thinner branches of a number of these diverse
woods may have borne leaves of Glossopteris and its allies.
However, leaves of some of the species ol Glossopteris or its
allies may have been borne on branches of small trees like the
one reconstructed by Gould and Delevoryas (1977) and still
others could have been borne by shrubs and lianas. e.g..
Belumoopteris (Pant & Choudhury, 1977). All the same, the
rather unnatural rosettes ol leaves around the trees of
Glossopteris depicted by Gould and Delevoryas (1977) may
have been less regular with smaller and larger leaves in the
apparent whorls.

As a matter of fact the coal and shales of the Lower
Gondwanas appear to have been formed by thick layers of
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Text-figure 6—Ginkgo biloba, basal parts of wree trunks with fallen leaves around them forming a thick carpet in Toji Park, Tokyo during late autumn

(photo by Random from Michel. 1986).

fallen leaves strewn heletr skelter and these may have accu-
mulated repeatedly in thick annual carpets on the forest floor,
as they do under the trees of modern Ginkgo (see Text-figure
6) whose size of 30 to 40 m, as mentioned by Pilger (1926)
and Chamberlain (1935), seemingly corresponds with that of
the fossil trees from Asansol. I therefore, imagine that during
the Lower Gondwana times India was having rather dense
deciduous forests of Glossopieris and its allies whose taller
trees (see Text-figures 8, 9) were towering over shorter trees
and shrubs so that in the words of Humboldt in these primeval
woods “forest was piled upon forest” and dense humid shade
of trees and shrubs provided ideal habitat for blattoid insects.
The shrubs possibly had undergrowth of ferns. other
pteridophytes and lower plants below them. The carpet of
leaves on the undisturbed forest floor (Text-figure 10), with
no records of any voracious consumers of fallen leaves, ex-
cept some blatttoids (see Pant & Srivastava, 1995), in the
course of time, must have piled up and become mixed up with
broken twigs (rarely with attached leaves) and branches, as
well as broken or fallen tree trunks as seen at the locality near
Asansol.

The underground or overground dead roots or root bear-
ing axes of glossopterid trees and shrubs may also have ulti-

mately become part of the dead organic material covering them
in the forest floor. This is indicated by the greater frequency
of Vertebraria axes at the bottom of coal seams. Wetting by
rain water and fine silt displaced by rain or its drops between
leaves and other plant material may have compacted the litter
of leaves on the forest floor. New trees would have been com-
ing up from germinating seeds on such a rising forest floor
(Text-figure 10). In the course of millions of years the fallen
leaves and other plant material became buried so that with
arrested bacterial action due to lack of oxygen. it became fur-
ther compacted and thereafter it was gradually converted by
pressure and chemical processes of condensation and polym-
erisation under the influence of temperature, high pressure
and time into the alternating dull and bright tayered bands of
the seams of coal. Occasional floods or advances of water
bodies may have given rise tc the intervening thin or thick
layers of shale in between the coal seams.

Contrary to the in situ or autochthonous mode of forma-
tion of Lower Gondwana coal envisaged above and also sug-
gested earlier by me (see Pant, 1989), some geologists like
Fox, 1931 (see Krishnan, 1949) have earlier assumed that the
Lower Gondwana coal is allochthonous or drift coal formed
by plant material drifted into water bodies from unknown other
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localities. However, the presence of Verrebraria axes with
thin roots spreading around them (Bunbury, 1861, Pant,
1956), broken tree stumps with horizontally spreading
branched roots or rhizomatous axes around them as seen in
a Permo-Carboniferous, sandstone bed of Vaal River at
Vereeniging South Africa (Seward, 1917, p. 240, fig. 478),
show that glossopterid trees were supported by such roots or
axes. In situ vertically preserved Verrebraria axes called
Vertebraria radiata by Royle (1840), vertically compressed
seedlings of Glossopreris called Diphyllopteris (Pant &
Nautiyal, 1987), occurrence of rootlet beds in the floor of
coal seams reported by Chowdhury, 1985 and Manjrekar e/
al., 1986 as mentioned by Banerjee et al. (1991), and hori-
zontal roots and upright stems and Vertebraria axes later
reported by Banerjee er al. (1991) and Singh and Chandra
(1995) and Srivastava (1995) also vividly confirm that Lower
Gondwana coal is autochthonous.

The paucity of genera of gymnospermous leaves and the
multiplicity of species of Glossopteris has been noticed by
Pant (1967) and Pant and Singh (1971) as a striking feature of
the Glossopteris flora and this is particularty true about
Glossopteris but the present day genus Pinus having over one

hundred species spread over the entire north temperate zone
from Japan in the East to western United States and western
Canada in the West, with three species spreading northwards
beyond the Arctic Circle in Eurasia and one species reach-
ing or slightly overstepping the Equator in Sumatra (see
Mirov, 1967; Little & Critchfield, 1969) presents a living
parallel among the present day gymnosperms. Another par-
allel is provided by Gnernum which is distributed all over the
tropical and humid regions of the world from Pacific Islands
like New Guinea, Philippines and the East Indies, Siam,
Malaysia, Indo-China, India, Tropical Africa, Guiana, North-
ern Brazil, Surinam and Amazon. Its diverse species are
climbers, trees, shrubs and one of them, Gnerum trinerve, is
a parasite (sce Maheshwari & Vasil, 1961). Pant & Singh
(1987) have already suggested that some Lower Gondwana
woods showing excentric xylem cylinders could have be-
longed to lianas thereby implying that some glossopterids
could have been woody climbers. Alternatively, the multi-
plicity of associated wood genera and leaf attached
fructifications of Glossopreris and its allies may ultimately
prove that they are divisible into a number of more natural
genera, subgenera and sections on the basis of their stems
and attached fructifications.

Text-figure 7—Fossil tree trunk discovered near Asansol by W.W. Whitney in 1923 (from Bradshaw & Sahni, 1925).



PANT—DOMINANT GYMNOSPERMS OF THE GLOSSOPTCRIS FLORA 119

Text-figure 8—Glossopieris. reconstructed tree with leaves during summer

showing spreading axes or roots around the tree.

FERTILIGERS OF GLOSSOPTERIDS AND
THEIR MORPHOLOGICAL NATURE

Plumstead (1952) described a number of leaf attached
fructifications of Glossopreris and called them by separate
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Text-figure 9-—Glossopteris, reconstructed crown of leafless tree during
winlter.

adjectival generic names although as pointed out by Edwards,
Krausel and Lakhanpal in the discussion of the paper by
Plumstead (1952) and also as pointed out by me in 1977 the
nomenclature is violative of two articles of the International
Code of Botanical Nomenclature. The case of Ottokaria was
different because Zeiller (1902) believed that the fructification
was lying over a Glossopreris indica leaf. Subsequently after
the discoveries of a number of leaf attached fructifications by
Plumstead (1952), many other authors have also given sepa-
rate generic names to such fructifications. So much so that the
names of such fertile leaves or fertiligers have become legiti-
mate by wide practice and accordingly I propose that such
names may be treated as nomina generica coservanda and no
longer violative of the code.

However, the topic which | wish to discuss at this point
is the morphological nature of the leaf attached fructifications.
A search for comparable leaf attached fructifications among
present day vascular plants leads me to (1) the fertile spikes
of Ophioglossaceae, (2) the abnormal female “flowers” of
Ginkgo described by Fujii (1896). which could be taken to be
reversions, (3) the flowers of Ruscus, Danae and Semele at-
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Text-figure 10—Reconstructed basal part of the trunk of a Glossopreris
tree with fallen leaves forming a thick carpet around it. Note & few seedlings
of Diphyllopteris verticillaia.

tached to their prophylls and (4) the bract attached inflores-
cences of Tilia. All these structures occurring in such diverse
plants may be regarded as examples of the incorporation of
the axillary fertile shoots in the subtending prophylls or bracts
as suggested by Arber (1950). Indeed the widespread occur-
rence of such structures suggests that they are not peculiar to
Glossopteris but they have arisen repeatedly in pteridophytes,
gymnosperms, monocots and dicots. The latest interpretation
of the fertile spikes of Ophioglossaceae regards the frond as a
modified, reduced, dichotomous branch system (Zimmermann,
1942; Chrysler, 1945). In fact Nozu (1950, 1955) and Nishida
(1957) regard the sterile and fertile segments as
phylogenetically equivalent to fronds and therefore homolo-
gous. However, if we compare the two segments with the ax-
illary fertile shoots of Rusceae and Tilia which become adnate
to the subtending prophylls and bracts, they could be regarded
as fertile axes adnate to phyllomes. The leaf attached
fructifications of Glossopteris would thus appear to be quite
comparable with those of the above living forms.

The axillary fructifications of Glossopteris taenioides
described by Pant and Singh (1974) seemingly support the
axillary nature of the fructifications of Glossopteris even when
they seem to be coming out of their midribs. The abnormal
female fructifications or “flowers” of Ginkgo described by
Fujii, 1896 (see Text-figure 11A, B) could likewise be inter-
preted as fused to the leaves in whose axils they were pro-
duced. Some of the abnormal fructifications of Ginkgo de-
scribed by Sprecher (1908) are branched (see Text-figure 11C)
and in this connection it is important to point out that such
branched fructifications of Ginkgo and the multiple fertile
spikes of Ophioglossum palmatm too have their parallels in
Eretmeénia, Glossotheca, Partha, Denkania, Lidgettonia and
these would perhaps require to be explained as being branched
and the branches being adnate to the lamina.

The position of the fertile Ieaves on the plants of
Glossopteris is, however, unknown and we do not even know

whether they are similar to or different from ordinary leaves
of their plants (cf “bracts” of Tilia). Accordingly the term
fertiliger used by Schopf (1974) seems to be quite appropri-
ate. Further, we are completely ignorant about the plants of
glossopterids being monoecious or dioecious. A method of
determining this could be the occurrence of male and female
fertiligers in close proximity or far away but this too is pres-
ently unknown.

RELATIONSHIPS OF GLOSSOPTERIDS

The similarity of the size of trees, deciduous habit and
abnormal female fructifications of Ginkgo (Text-figure 11A,
B) with the envisaged size of the deciduous trees and the leaf
attached fructifications (fertiligers) of Glossopreris could even
prompt us to look for relationships between the Ginkgoales
and the Glossopteridales. Both the groups appear to be hav-
ing deciduous leaves borne on short as well as long shoots.

Text-figure 11—Ginkgo bifoba, A. spur shoot with a number of abnormal
ovulate peduncles fused to leaf statks, some of them showing seeds borne on
laminac and single almost normal peduncle. B. a single abnormal peduncle
with a seed showing longitudinal striation along fleshy part of seed and the
lamina below the seed. C, an abnormal peduncle with seven stalked single
ovules and their collars (A, B, from Fujit. 1896: C. from Sprecher, 1907).
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Text-figure 12—Ginkgo hiloba, cleared leal showing dichotomous vena-
tion with a few anastomoses of veins marked by arrows (redrawn afier Arnou,
1959).

and both kinds of shoots showing secondary xylem with well
marked growth rings. The haplocheilic stomata of Ginkgo
(Pant & Mehra, 1964) and glossopterids have similar rings of
papillate subsidiaries overarching sunken guard cells. How-
ever, the net veined leaves of Glossopteris having well de-
fined midribs would, appear to be quite different from the
dichotomously veined leaves of Ginkgo and the Ginkgoales.
All the same Arnott (1959) has reported various kinds of cross
connections in 10% leaves of Ginkgo biloba (Text-figure 12)
and there are other glossopterids which seemingly bridge the
gap between acostate leaves with fan like spreading furcate
veined leaves of Ginkgoales and net veined costate leaves of
Glossopteris. These are Gangamopteris which is netveined
but it has no midrib, Rhabdotaenia which is costate but its
lateral veins are usually non-anastomosing, and there are spe-
cies like Glossopteris angustifolia var. taeniopteroides with
almost complete absence of anastomoses between lateral veins
(see Seward, 1910) which are quite like Rhabdotaenia. Next
comes Palaeovittaria which has an ill-defined midrib in the
basal half of the leaf and only furcate non anastomosing par-
allel or sub parallel veins in the lamina and there is Rubidgea
which has no midrib and only furcate veins in the distal part
of the lamina which are, however, arched and not straight like
those of Ginkgo. At the end of the series is Noeggerathiopsis
which is acostate with furcate and spreading parallel veins.
This genus is believed to be a cordaite, so much so that Seward
& Sahni (1920) had actually merged it with the genus
Cordaites. However. it appears to me that Noeggerathiopsis
may not only be different from Cordaites, as already suggested
by Pant & Verma (1964a) on the basis of (1) prevalent differ-
ences in structural features of its leaves from those of
Cordaites. (2) the usual absence of stems with discoid pith or
Artisia pith casts and (3) the absence of Cordaitanthus-like
fructifications in the Lower Gondwana beds. Indeed, it oc-

curs to me now that it may belong to an alliance approaching
the Glossopteridates which 1 have earlier called
Noeggerathiopsidales (Pant, [882).

Another resemblance between Ginkgo, Cordattales and
Glossopteridales (Arberiales of Meyen. 1987) lies in their
platyspermic seeds which, according to Meyen (1987). is a
character of fundamental importance and he actually includes
his Arberiales in his Ginkgopsida. Although he regards Ginkgo
as having evolved from some pteridospermous ancestors which
were rather different from cordaites and conifers. On the con-
trary Crane (1985), Doyle and Donoghue (1986) and Hart
(1987) regard Ginkgo, conifers and Cordaites as having
evolved from a common ancestor. Another point which may
favour the relationships of glossopteridales and ginkogoules
is the early appearance of ginkgophytic leaves in the Jurassic
(Archanelsky, 1965) and Lower Permian (Cuneo, 1987) of
Argentina and also those of Ginkgophyilium diazii in the car-
boniferous of Rioja Province of the same country as men-
tioned by Taylor & Taylor (1993) after S. Archangelsky. These
finds may suggest the dispersal of the group from the south-
ern latitudes as also envisaged by Stewart & Rothwell (1993).
My conclusions about the habit of the deciduous plants of
Glossopteris and its allies and the series of leaves of the
glossopterids with Palaeovittaria and Rubidgea placed be-
tween them and Noeggerathiopsis also seemingly support the
relationships of Glossopteridales Ginkgoales and Cordaitales.
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ABSTRACT

Bainian § & Guanglong S 1999. A supplementary study on Proroblechnum Lesquereux from China.
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The frond structure of Proroblechnum and the other similar plants is examined. These plants are like

the neuropterids of the Late Palacozoic Era, with forked or unforked rachides, whose fronds are simple
pinnate or pinnately compound leaf and unequally or equally pinnate fronds. Based on the new materials of
the bipinnatifid fronds of Protoblechnum contractum (Gu & Zhi) from Henan in China, it may be seen that
other species of Protoblechnum besides Protoblechnuni wongii Halle may also be bipinnatifid fronds. The
discovery provides important materials for making a clear distinction among Protoblechnum and similar
plants.

Key-words—China, Shihhotze Formation. Plant megafossils, Protoblechinum, Compsopteris.
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INTRODUCTION

dispute exists since long over the relationship between

Protoblechnunm and other similar plants, such as,
Compsopteris, Glenopteris and Supaia in Permian floras of
China, but it has not been completely solved up to now. The
difference of opinion as how to choose suitable generic name
still exists because of obvious form variation in the fossils
collected by researchers.

BACKGROUND OF PROTOBLECHNUM

Halle (1927) while studying the fossil plants from the
Late Palaeozoic strata in Shanxi, China placed a few simple
pinnate fronds from the Shihhotze Formation in the genus
Protoblechnum and named them Protoblechnuin wongii Halle.
Lesquereux (1880) had erected the genus Protoblechnum for
specimens of Alethopteris holdeni described by Andrews
(1875), which are simple pinnate fronds with unforked ra-
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chides. Halle (1927) while discussing the distinction between
Protoblechnunt and other relative fossils pointed out that it
would also be necessary to place forked Danaeopsis hiughesi
Feistmantel from the Indian Triassic under the genus
Protoblechnim. Thus it can be seen that he did not think forked
or unforked fronds as an important condition to distinguish
genera. Yabe and Oishi (1928a, b) accepted Halle’s opinion
and put under the genus Protoblechnum a few similar speci-
mens from Permian strata of Shandong Province that were
also simple pinnate fronds and did not have forked rachides.

White (1929), on the other hand. while researching the
fossil plants collected from the Permian Hermit shale of Grand
Canyon, America did not agree with views of Halle and Yabe
and Oishi. He expressed the opinion that he would prefer to
refer the Chinese species, which had simple pinnate fronds
and unforked rachis, to the genus Glenopreris Sellards (1900),
and the Indian species Danaeopsis hughesi Feistmantel, whose
rachis is forked, to his new genus Supaia. Zalessky (1934,
1935) also found some specimens in the Permian of Russia
similar to Chinese Protoblechnum. He did not approve of us-
ing the genus Proroblechmum, either. He grouped some speci-
mens with forked rachides into Supaia White and the others
showing stimple pinnate fronds and without forked rachides to
his new genus Compsopieris.

After the People’s Republic of China was founded. the
fossil plants of this type have often been recorded in the
Permian strata of China and their form structure is also differ-
ent. Sze (1955) first reported a forked frond from Permian
System of southeast Shanxi. He did not adopt the name Supaia
White and supported Halle’s view and used the name
Protoblecihnum, which obtained support of many scholars such
as Zhou Zhiyan and Li Xingxue. Townrow (1957) pointed out
that the original Protoblechmwun and Supaia of forked rachides
from China and America. respectively should be placed in the
genus Dicroidium with Indian Danaeopsis fuighesi.

PROTOBLECHNUM AND COMPSOPTERIS
FROM CHINA

Gu & Zhi (in Li Xingxue er al., 1974) considered that
Chinese Protoblechnum was quite similar to Compsopteris,
and thus the former should be transferred to the latter. Ac-
cording to their opinion, Protoblechnum wongii Halle includ-
ing Protoblechnum hallei Yabe & Oishi described in China
should be merged as Compsopteris wongii (Halle) Zalessky.
They also set up two new species, that is, Compsopteris imparis
Gu & Zhi and Compsopieris coniracta Gu & Zhi. The above
mentidned three fossils were all simple pinnate fronds and the
rachides forked once or not at all. Many scholars agreed with
the opinion and the name Compsopteris has been gradually
accepted in China since then (Feng Shaonan er al.. 1977,
Chen Ye & Duan Shuyin, 1978; Zhang Jihui, 1978; Yang
Guanxiu & Chen Feng, 1979; Zhao Xiugu er al., 1980; Chen

Lizhu, 1982; Wang Guoping er al., 1986: Li Peijuan & He
Yuanliang, 1986; Yang Guangrong et «l., 1986; Huang
Lianmeng er al., 1987; Zhu Tong, 1990; Kong Xianzheng et
al., 1990).

In 1977, Huang Benhong found a great number of fossils
of this type from Xiao Xin"an Mountains in Northeast China.
too. He considered that the forked or unforked nature of ra-
chis should be an important basis for generic distinction. He.
therefore, put the forked fronds into Supaia and the unforked
specimens into Compsopteris. Shen Guanglong (1995), how-
ever, included Chinese specimens of Proroblechinuin wongii
Halle with forked rachides in Supaia and for those with
unforked rachides and simple pinnate he still reserved the name
Protoblechnin as a form genus. Compsopteris has not been
used until it has been confirmed as the same kind of plants as
in the Angara flora on the basis of cuticular studies.

Liu Lujun (1989) discovered a lot of fossil plants from
southeast Shanxi, among which were some bipinnatifid fronds.
After reading relative references, he expressed the views to
use Protoblechnum in the Cathaysian flora and limit
Compsopteris in the Angaran flora. In conformity with his
view, it 1s clearly seen that the formerly described specimens
of Protoblechnum type from China may be placed in the ge-
nus Protoblechnum no matter simple pinnae or bipinnae they
are, no matter forked or unforked rachides they have.

Wang (1996) has recently pointed out that Supaia which
had simple pinnate fronds and forked rachis might have
evolved from Protoblechnum wongii Halle which had
bipinnatifid fronds and unforked rachis. It is a result of
palaeoclimatic changes, which can be well explained by
Asama’s Growth Retardation Theory (1960). According to
Wang’s study, there are two types of the pinnule base in Supaia
from the Upper Shihhotze Formation in Shanxi, China. One
has a decurrent base as in Protoblechnum wongii and the other
has a contracted base like Protoblechnum contraction. Among
published records from China, the specimens of
Protoblechnum contractum are all simple pinnate fronds, con-
tracted bases of pinnule and unforked rachides. It is of vital
significance to get a specimen of bipinnatifid fronds of
Protoblechnum contractum from Permian strata in China if
Wang’s guess is correct about the origin of Supaia from the
Upper Shihhotze Formation of Shanxi, China. Furthermore. it
may show that both Protoblechnum wongii and Protoblechinum
contractum, which are all bipinnatifid fronds but whose bases
of pinnules are different (one decurrent, the other contracted).
possibly represent two directions of the evolution from
Protoblechnum to Supaia.

Kapoor er al. (1992) considered that Kashmiropteris
meyenii Kapoor, a possible cycadalean leaf from the Early
Permian Mamal Formation in the Kashmir Himalaya, showed
a certain resemblance to Protoblechnim Lesquereux 1880 and
Compsopteris Zalessky 1934, but leaves of both these genera
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Figure I—Protoblechnum contractum (Gu & Zhi) emend. x 1.

differ from that of Kashmiropteris meyenii in the venation
pattern of the pinnae. It is very interesting that Kashmirop-
teris meyenii has also two type bases of pinnae or pinnules,
one contracted (Kapoor et al., p. 143, pl.1, figs 1-3), the other
decurrent (p. 145, pl. 2, figs 1-2).

DISCUSSION

According to present materials, the rachides of both
Protobleclnum and Glenopteris in North America are
unforked and their leaves are simple pinnate fronds. They are
almost showing no difference in other shape features and may
be merged. The former should be kept and used because of its
priority. As to the similar fossils with a forked rachis, the ge-
nus Supaia erected by White can be applied because the forked
or unforked rachides is an important basis for generic segre-
gation. The leaf of Compsopteris is simple frond. Although
the appearance of the genus is the same as that of
Protobleclinum, the cuticular structure of Compsopteris as-
certained by Meyen & Migdissova (1969) is different from
that of Protoblechimun. And the former with an unforked ra-
chis, which differs from the Supaia, ought to be reserved and
limited in the Angara area. As for Indian species Danaeopsis
huglesi with a forked rachis, it has been transferred to an-
other genus because the reproductive organ and the cuticular
structure of Danaeopsis lughesi have been clearly studied.

Text-figure 1 :—Protoblechnum contractum (Gu & Zhi) emend. x 1

The genus has nothing to do with Supaia and is also one of
local plant members in the Angara area.

It may be seen from the foregoing review that the frond
structure of Protoblechiiun and the other similar taxa is rather
complex. Based on accumulated materials, these plants may
be like neuropterids of the Late Palacozoic Era, whose ra-
chides were forked or unforked, fronds were simple pinnate
or pinnately compound leaf and unequally or equally pinnate
fronds. All of these will depend on further field work and study
so that the kind of plant can be identified reasonably. There-
fore, it is very important that a new specimen which can re-
veal detailed structure of the plant is discovered.

NEW MATERIALS

In the Summer of 1994, one of the authors (Sun Bainian)
collected many good specimens of Protoblechnum from the
Upper Shihhotze Formation at Dengfeng Coalfield in Henan,
among which there are several specimens of bipinnatifid
fronds. The authors of present paper think that these bipinnae
should be Protoblechnum contractum (Gu & Zhi). This dis-
covery not only indicates that other species of Protoblechinm
besides Protoblechnum wongii Halle can be bipinnatifid fronds
but also provides important materials for making a deep dis-
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tinction between Protoblechinum and similar plants. In accord-
ance with the new materials from Henan, an emended diagno-
sis of Protoblechnum contractum (Gu & Zhi) is given.

PROTOBLECHNUM CONTRACTUM
(Gu & Zhi) Sun Keqin emend

(Fig. 1; Text-figure 1)

1974 Compsopteris contracta, Gu & Zhi (in Li Xingxue
et aly, p.i15, pl. 82, figs 4-6; pl. 83, figs 1-3,
Text-figure 79.

1977 Compsopteris contracta, Feng Shaonan er al.; p. 659,
pl. 245, figs 6-7.

1978 Compsopteris contracta, Chen Ye & Duan Shuyin,
p. 465, pl. 152, figs 2-3.

1978 Compsopteris contracta, Zhang Jihui, p. 475, pl. 159,
figs 2-3.

1979 (,?ompsopleris contracta, Yang Guanxiu & Chen Feng,
p. 126, pl. 35, figs 7-8.

1980 Compsopteris contracta, Zhao Xiugu et al., p. 82.

1982 Compsopteris contracta, Chen Lizhu, p. 517, pl. 331,
fig. 8.

1982 Compsopteris contracta, Wang Guoping ef al.. p. 366,
pl. 153, fig. 10.

1986 Compsopteris contracta, Yang Guangrong e! al.,
p. 11,32, pl. 18, fig. 10.

1987 Compsopteris contracta. Huang Lianmeng er al., p. 44,
pl. 22, fig. 5; pl. 23, fig. 1-2.

1990 Compsopreris contracta, Zhu Tong, p. 96, pl. 3, 6, pp.
34, figs 1-3.

1991 Protoblechnum contractunt, Sun Keqin, p. 40-41, pl.13,
fig. 2.

1991 Protoblechmun contractum, Yang Jinyao, p. 41,
table 2-9.

1995 Protoblechnum contractum, Shen Guanglong, p. 101,
108, 130, 139.

1996 Protoblechnum contraction, He Xilin, Liang Dunshi &
Shen Shuzhong, p. 59, pl. 45, fig. 4.

1996 Compsopreris contracta, Kong Xianzheng er al., p. 188-
189, pl. 13, fig. 1,1a.

Description—Frond very large, bipinnate, rachis thick,
attaining 2.8 cm in width, obviously thin drops on the surface
of rachis; ultimate pinnae 8 cm in width and unknown in length:
ultimate rachis thick. 5-7 mm broad; pinnule 9 mm wide, scat-
tered in arrangement. long linear or strap-shaped, margin en-
tire, base contracted; midrib strong, I-1.5 mm in width, nearly
reaching to the apex. at a right angle extended from the ra-
chis; lateral veins fine and close, curving outside at a small
angle from the midrib, dichotomizing twice or thrice, 20-25
veins per cm on the margin.

Comparison—The present specimen with unforked ra-
chis, bipinnate frond, shape and veins of ultimate pinnae is
like Protoblechinum wongii Halle, but the distinction lies in
the obviously contracted base of pinnules in the former.

Locality and Horizon—Dengfeng, Henan; Upper
Shihhotze Formation.

Specimen No. and Repository—PB93174; Palaeontologic
laboratory of Geological Department, Lanzhou University.
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ABSTRACT

Tripathi RP 1999. Saksenasporites gen. nov. — A Permian megaspore from Birsinghpur Pali, Madhya
Pradesh. Palaeobotanist 48(2) : 131-135.

A new taxon of Permian megaspore, Suksenasporites gen. nov., is described from Birsinghpur Pali.
Madhya Pradesh (India). The new megaspore is characterised by unequal trilete laesurae, one or two of them
extending beyond arcuate ridges, mixed verrucose- baculose sexine sculpture, distinct contact areas delim-
ited by arcuate ridges and unpitted nexine. A new suprainfraturma, Verrucosi-baculati nov., is proposed in
the text. Taxonomic consideration of the new megaspore is based on SEM and LM studies.

Key-words—Megaspore, Permian, Lower Gondwana, India.
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INTRODUCTION megaspores from the locality. The present investigation on
Saksenasporites gen. nov. adds further to our knowledge of

ERMIAN rocks possess diversified assemblages of  dispersed megaspores from the Permian rocks of India.
megaspores (Bharadwaj & Tiwari, 1970; Pant & Mishra,

1986; Maheshwari & Tewari, 1987). Megaspores from MATERIAL AND METHOD
Birsinghpur Pali were first reported by Saksena ( 1971); since
then, Lele and Chandra (1974), Pant and Mishra (1986), Carbonaceous shales were collected from the North bank

Mishra and Tripathi (1991), Maheshwari and Tewari (1991)  of Johilla river, about 150 m from its confluence with Ganjra
and Tripathi (1997) have described a wide variety of nalla, in Birsinghpur Pali Coalfield, District Shahdol (Madhya
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Pradesh). The shales are full of incrustations of leaves of
Noeggerathiopsis sp., Glossopteris sp., Gangamopleris sp.,
equisetalean axes, coniferous shoots and cordaitalean seeds
(Feistmantel, 1882; Saksena, 1955; Pant ef al., 1995). Coal
samples were collected for the present purpose from the coal
mines of the area and macerated by usual techniques (Tripathi
& Mishra, 1997a).

The Holotype and figured slides are stored in
Palacobotany Laboratory, Botany Department, Govt. Autono-
mous Science College, Rewa, M.P., India. The descriptive
terms used in the text are in accordance with Kremp (1965)
and Pant and Mishra(1986).

SYSTEMATICS

Remarks—Pant & Mishra (1986), while emending the
genus Jhariatriletes Bharadwaj & Tiwari 1970, stated that
the megaspores of type species J. baculosus Bharadwaj &
Tiwari and J. damudicus (Srivastava) Bharadwaj & Tiwari
have mixed verrucose-baculose ornamentations over the
sexine. This feature is also seen in text-figures and photographs
given by Bharadwaj and Tiwari (1970) and, further, the
megaspores of the genus Saksenasporites gen. nov., in the
present study, under SEM, confirm the presence of mixed ver-
rucose- baculose ornamentations over sexine of megaspores.
Hence, the new suprainfraturma Verrucosi- baculati nov. is
proposed here for the trilete megaspores having mixed verru-
cose- baculose sexine sculpture.

Supraturma—SPORITES H. Potonié 1893
Anteturma—MEGASPORITES Pant 1962
Turma—TRILETES (Reinsch) Potonié & Kremp 1954
Suprasubturma—AZONOTRILETES Luber 1935
Subturma—APICULATI (Bennie & Kidston) Potonié 1956
Suprainfraturma—VERRUCOSI - baculati nov.

ble with Jhariatriletes (Bharadwaj & Tiwari) Pant & Mishra
1986 in having mixed verrucose-baculose sexine sculptures.
nature of contact areas, arcuate ridges and nexine but differs
in having unequal trilete laesurae, being one or two of them
extending beyond arcuate ridges (trilete laesurae in
Jhariarriletes reach only up to arcuate ridges and never ex-
tend beyond them). It is comparable with Duosporites (Hgeg.
Bose & Manum) Bharadwaj & Tiwari 1970 in extension of
trilete Jaesurae beyond arcuate ridges but differs in having
mixed verrucose-baculose sexine sculptures and unpitted
nexine (sexine sculptures in Duosporites are granulose to fi-
nally verrucose and nexine is always pitted). Saksenasporites
differs from Neoraistrichia potonié 1956 in having mixed ver-
rucose- baculose sexine sculptures, distinct contact areas and
arcuate ridges (Sexine sculptures in Neoraistrichia are exclu-
sively baculose, contact areas indistinct and arcuate ridges
are absent). It differs from Rewatriletes Pant & Mishra 1986
in having differentially distributed mixed verrucose-baculose
sexine sculptures and extension of trilete laesurae beyond ar-
cuate ridges (In Rewatriletes sexine sculpture is exclusively
baculose showing uneven distribution).

SAKSENASPORITES REWAENSIS sp. nov.
PL. 1, figs |- 6; Text-fig. [A-1

Diagnosis—Megaspores trilete, amb circular to
subtriangular, trilete laesurae prominent, straight to sinuous,
gradually widening towards peripheral ends, widest and high-
est at trijunctions with arcuate ridges; contact areas well de-
veloped, circular to subcircular or subtriangular in shape. de-
pressed, radius 1/2 to 2/3 or more of the spore, delimited by
unevenly raised arcuate ridges; sexine covered with differen-
tially distributed mixed verrucose- baculose sculpture. verru-
cae and beculae sparse and small in contact areas, dense and
large elsewhere; nexine faintly preserved, thin, membranous,
diameter about 2/3 of the spore, unpitted.

Dimensions :

Dry Macerated and
SAKSENASPORITES gen. nov. megaspores mounted
Diagnosis—Megaspores trilete, amb circular to megaspores
subtriangular, trilete laesurae unequal, one or two of them Equatorial diameter 350-560 pum - 400-680 um
extending beyond arcuate ridges but falling short of margin; ~ Trilete laesurae Length 95-315um  100-480 pim
contact areas distinct and bounded by arcuate ridges, sexine Width 15-80 pm I5-115 pm
covered with mixed verrucose-baculose sculptures, nexine Height 15-30 pm
membranous and unpitted. Contact area Diameter 220-345 pm  235-480 um
_ ) _ Arcuate ridges Width 18-30 um 15-50 pm
Type species—Saksenasporiles rewaensis sp. nov. Height 15-30 um
Comparison—Genus Saksenasporites nov. is compara-  verrucae
PLATE 1 I

(Saksenasporites resvaensis sp. nov.)

1, 2. Megaspores showing sinuous trilete laesurac, one of them cxtending
beyond arcuate ridges and depressed contact areas delimited by arcu-
ate ridges. Fig. 1. Slide no. 358, x 200: fig. 2. Slide no. 352, x 200.

3.4. Megaspores showing swollen peripheral trijunctions and extension of
one laesurae beyond arcuate ridge. Sculptured sexine is clear in fig.

3., Slide no. 359, x 300. fig. 4, Holotype, Slide no. 374. x 300.

5. Megaspore with central opening. Slide no. 354. x 200.

6. Muacerated megasporc. Note extension of two lacsurae beyond arcuate
ridges (arrows). Slide no. 360, x 200.



TRIPATHI—SAKSENASPORITES GEN. NOV.—A PERMIAN MEGASPORE FROM BIRSINGHPUR PALI, MADHYA PRADESH 133

PLATE 1



134 THE PALAEOBOTANIST

(a) Incontact  Length 4-8 um 4-10 um
areas Width 6-12 um 6-15 um

(b) Outside Length 4-20 um 4-25 um
contact area Width 6-25 um 10-37 um
Baculae Length 5-20 um 6-30 um
Width 4-10 um 4-20 um

Sexine Thickness 20-30um
Nexine Diameter 200-400 um

Holotype—Plate 1, figure 4; slide no. 374.

Locality & Horizon—Birsinghpur Pali Coalfield, Madhya
Pradesh, Lower Gondwana (Lower Permian), India.

Derivation of name—After Professor S.D. Saksena who
contributed a lot to the Gondwana Palaeobotany.

Description and discussion—Fifty six specimens of
megaspores are assigned to Saksenasporites rewaeisis sp. nov.
Forty six of them are subtriangular in shape and compressed
in various planes suggesting that their polar as well as equa-
torial axes were more or less equal. Seven spores, subcircular
in shape, are preserved in dorsi-ventral orientation while only
three of them show a little deviation of proximal trijunctions

Text-figure 1A-1—Saksenaspories rewaensts sp. nov. A-C, 1. Dry
megaspores showing leasurae extending beyond arcuate rndges and forming
lip-like structures. Central portion of contact area in fig 1is slightly ratsed
(arrows): D-F. Mucerated megaspores showing faintly preserved circular
(Fig. DY and subtnangular (Fig. F) nexine (n) and extension of two luesurae
beyond arcuate ridges (Fig. E). G, H. Marginal portions ol megaspores,
enlarged, showing mixed verrucose-baculose sexine sculpture (Scule bar =
A-F. 1=100 um. G, H =10 pm).

from the centre of the spores. Under SEM. these spores show
prominent trilete laesurae which are widest and highest at their
peripheral ends and join the inwardly curved arcuate ridges
(PL. 1, figs 1, 2, 4). Distal ends of one or two laesuraec may
extend beyond the arcuate ridges but never touch the margins.
The peripheral ends of trilete laesurae are lip-like in appear-
ance (PL. 1, figs 4, 6: Text-figure 1 A-C, E). Laesurae are straight
to sinuous. In a megaspore an opening is observed due to split-
ting of trilete sutures on proximal face. This opening extends
beyond arcuate ridged (P1. 1. fig. 5 ). In few specimens cen-
tral portions of the contact areas are seen slightly raised (Text-
figure 1 1). Sexine of the spores is covered with mixed verru-
cose and baculose ornamentations. Verrucae are wider than
the height whereas reverse is found in case of baculae (Pl. I,
fig. 3; Text-figure 1G, H.).

On treatment with alkali spores of S. rewaensis sp. nov.
increase slightly in size and the sexine cracks into a number
of segments and the membranous nexine is seen through these
cracks (Text- figure 1D, F.). Nexine could be observed only
in 20 percent of the macerated megaspores. It is circular or
subtriangular in shape, membranous, unpitted and fills nearly
2/3 portions of inner spore cavity.

Acknowledgements—Thanks are due 1o Professor B.D. Sharma,
J.N. Was Universiry, Jodhpur for going through the manuscripi; Dr
S.N. Mishra (Rewa) for guidance, the Director, Birbal Sahni Insti-
e of Palaeoborany, Lucknow for providing SEM facility and v
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ABSTRACT

Bajpai Usha & Singh SM 1999. On an enigmatic fossil plant from the Early Permian of South Karanpura
Coalfield, India. Palacobotanist 48(2) : 137-140.

An apparent whorl of heterophyllous leaves is reported from the Barakar Formation of South Karanpura
Coalfield. Bihar. The leaves are heterophyllous and their non-stomatiferous cuticle shows cells in longitudi-
nal series with thick anticlinal walls. The specimen presents superficial resemblance with leaf whorls of the
sphenophylls; the latter, however, differ in having sinuous-walled cells in the epidermis of both the surfaces.
There is a distinct possibility that this specimen represents a bunch of immature leaves of a taxon related
either o Euryphyllum or Pantophylliun, regarded as members of the cordaitean group of plants.

Key-words—Gondwana, Permian, South Karanpura, Cordaitales, India.
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INTRODUCTION ern parts, however, are connected by a narrow corridor com-
prising Talchir rocks.
HE Karanpura Coallield, situated between Hazaribagh

and Ranchi Plateau, lies between 85728' — 84°46' east SOUTH KARANPURA COALFIELD
longitudes and 23°38 - 23°50" north latitudes. The southern
part of the coalfield is separated by a narrow bridge of The South Karanpura Coalfield, situated in the western

Archaean rocks from the norther part. The northern and south-  part of the Damodar Valley, exposes all the main Permian for-

© Birbal Sahni Institute of Palacobotany, India
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Text-figure 1—Geological map of a part of South Karanpura Coalfield showing the fossil plant localities. The collection locality of the present specimen

is marked by an arrow.

mations of the Gondwana Supergroup. The Karanpura Coal-
fields were mapped in detail by Hughes (1871). Albert Jowett
(1925) remapped the area. C.S. Raja Rao of the Geological
Survey of India remapped a large part of the South Karanpura
Coalfield. A generalised stratigraphical sequence in the coal-
field is shown in Table 1 (after Raja Rao, 1987, p. 144).

Surange and Kulkami (1968) reported Phyliotheca ampla
and P. angusta from the Barakar ("“Karharbari’") Formation of
this coalfield. Kulkarni (1971a, b) described Sphenopteris.
Gangamopteris buriadica, G. cyclopteroides, G. intermedia,
G. spatulata, Glossopteris angustifolia, G. barakarensis, G.
browniana, G. communis, G. damudica, G. decipiens, G. fusa,
G. indica, G. karanpuraensis, G. linearis, G. spatlutllocordata
and G. stricta from the shales of Argada, and Lower and Up-
per Nakkari Seams. She suggested that dominance of
Gangamopteris is indicative of a Karharbari age. Maithy
(1978) reported two new forms, namely, Paratrizygia rhodesii
and Parasphenophyllum crenudatin from the Lower Nakkari
Seam.

1 & 2. Specimen showing a bunch of heterophyllous leaves arranged in a
tight spiral on a swollen node:; Specimen no. BSIP 38162/4738 and
38163/4738. respectively. x 0.8.

3 The specimen in figure 1 enlarged to show the variation in size and

PLATE 1

In recent years, one of us (SMS) made a large collection
of plant fossils from the Gondwana sediments of the South
Karanpura Coalfield (Text-figure 1). The fossils include spe-
cies of the genera Neomariopteris, Gangamopteris,
Glossopteris, Pantophyllum, Euryphyllum, Kawizophyllum,
Gonophylloides, Scutum, Cordaicarpus and Vertebraria be-
sides a unique ‘whorl” of lanceolate leaves; the last named
fossil forms the subject of this report.

SYSTEMATICS
INCERTAE SEDIS
(PL. 1, figs. 1-4)
Specimen no.—BSIP 38162/4738 (cp. BSIP 38163/
4738).

Localiry—Sirka Colliery. South Karanpura Coalfield,
Bihar.

Horizon—Barakar (“"Karharbari”) Formation, shale as-
sociated with the Naditoli Seam.

shape of the leaves. and the dichotomous. non-anastomosing vena-
tion, Specimen no. BSIP 38162/4738. x 2.

4. A portion of the non-stomatiferous surface showing elongated cells
with straight walls. Slide no. BSIP 38162-1. x 100.
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Table 1-Stratigraphical sequence in the South Karanpura
Coalfield

AGE | FORMA- LITHOLOGY AND
TION THICKNESS
Cretace Dolerite and mica-peridotite
ous intrusive
Upper [Raniganj [Fine-grained sandstones,
Permian micaceous sandy shale and
carbonaceous shales. (610 m)
Barren Medium-grained sandstones,
Measures |ironstone shales, siltstones,
micaceous and carbonaceous
shales.
(304-457 m)
Lower |Barakar Coarse-grained sandstones,
Permian shales and coal. (1053 m)
Karharbari |Coarse-grained, pebbly
sandstones, shales and coal
seam. (74 m)
Talchir Conglomerates, fine-to medium-
grained sandstones and olive-
green shales. (3-16 m)
~~~~~~~~ Unconformity~~~~~~~~
Precambrian Granite, mica schists, quartzite
and limestone?

Description—In the present collection there is one speci-
men (with counterpart, and poorly preserved carbonified crust)
of uncertain taxonomic status. At first glance it looked appar-
ently like a whorl of heterophyllous leaves. However, after
excavation of some part of the rock, particutarly from the part
presumed to represent the axis, it became clear that the speci-
men comprises approximately 12 leaves arranged in a tight
spiral at a swollen node (Pl. 1, figs 1, 2). Of these, about 8
leaves are comparatively large, obovate to sub-cuneate in
shape, and with obtuse rounded apex, cuneate base and entire
margin. The leaves are 2.8-3.5 cm long and 1-1.5 cm broad.
The other four leaves are much less in breadth and are lanceo-
late in shape; they are up to 0.4 cm at the widest and have
acuminate apices (P1. }, fig. 3). Two (possibly only one) veins
enter the base of each leaf, dichotomise a few times, do not
anastomose, further up in the lamina become slightly curved
and end up at the upper margin as well as the apex. In the
narrower leaves, the veins simulate that of Pantophy!/um and
run straight up to the apex. On acid-alkali treatment, the
carbonified crust yielded small pieces of cuticle, but only of
the non-stomatiferous surface. The cuticular membrane is
thick, with straight-walled cellular outlines (P1. 1, fig. 4). The
cells are rectanguloid, longer than broad, 55-110 um x 20-35

um, and arranged end-to-end.

Comparison—This specimen shows a superficial resem-
blance with specimens of the genera Trizygia and
Sphenophyllum. Trizygia no doubt is heterophyllous but it has
only six cuneate leaves and that too arranged in three distinct
pairs in a whorl. Sphenophyllum also has six symmetrical
leaves (sometimes may be 9) which again are arranged in a
whorl. The cell walls in both Trizygia and Sphenophyllum are
sinuous on both the surfaces (Pant & Mehra, 1963; Pant &
Srivastava, 1985; Boureau, 1964). Therefore, any affinity with
the sphenophylis is definitely ruled out.

Presence of an acid resistant cuticle and the arrangement
of leaves in a tight spiral indicate a definite gymnospermous
affinity. From the general shape of the leaves, there seems to
be a distinct possibility that this specimen represents a bunch
of immature leaves of either Euryphyllum or Pantophyllum
or of a taxon related to these genera. The exact identification
of the taxon may be possible only after recovery of the
stomatiferous surface and/or more specimens.

Acknowledgements—We are grateful 10 Professor D.D. Pant and
Dr H.K. Maheshwari for very kindly reviewing the manuscript and
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ABSTRACT

Meena KL 1999. Late Barakar flora from the Chaturdhara Nala section from 1b-River Coalfield,
Sundargarh, Orissa, India. Palaeobotanist 48(2) : 141-145.

The Chaturdhara Nala section is located in the north-western side of Gopalpur Village, Sundargarh
District, Orissa. The surface palynological investigation found the samples collected from Chaturdhara
Nala section near to junction of Basundhara Nala section. In the present occurrence Faunipollenites and
Striatopodocarpites  prominance and followed by Rhizomaspora, Scheuringipollenites, Distriatites,
Cyclogranisporites, Cyclobaulisporites. Densipollenites, Striatites and Alisporites etc. On the basis of
palynoassemblage it is suggested that these sediments were deposited in the Late Barakar age. The similar
palynoassemblage is found in earlier study of bore-hole number IBH-6 from this area. The dominance of
striated disaccate taxa followed by non striated disaccate spores in present study hence, the present
palynoassemblage is equal to Late Barakar age of other basins, India.

Key-words—Palynology. Pulynodating, Chaturdhara Nala. 1b-River Coalfield, Sundargarh, Orissa.
Son-Mahanadi Graben, (India).
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INTRODUCTION

HE general geological succession in Ib-River Coalfield,

Son-Mahanadi Basin, India exhibits the presence of
Barakar Formation overlain by the Kamthi Formation (Raja
Rao. 1982). The Lower part of Kamthi Formation deposited
in Late Raniganj period (Meena. 1997). The Barren Meas-
ures Formation is not demarcated. Hence the dating and cor-
relation is necessary in this basin with this object I have stud-
ied bore hole IBH-6 from Sundargarh district and IBSH-6 from
Belpahar area, Jharrugnda district, Orissa. The palynological
report from this area suggests that Raniganj Formation overlies
Barakar Formation. The palynological report from the
Belpahar area, Ib-River Coalfield is almost non existant ex-
cept a brief report (Maiti, 1994) and studied two bore-hole
myself earlier.

MATERIAL AND METHOD

F'have collected surface samples from Chaturdhara Nala
section near the half km of Basundhara Nala Junction and

THE PALAEOBOTANIST

processed the samples with HCl. HF and HNO._. I have found
four samples which contained rich palynoﬂora for the
palynological study. The material was collected from
Chaturdhara Nala section near to Junction of Basundhara Nala
Location Text-figure 1.

PALYNOLOGICAL ASSEMBLAGE

The quantitative floral composition has been determined
after count 200 specimens from each samples. A perusal of
Text-figure 2 reveals the assemblages has the dominance of
the genus Faunipollenites sub dominance
Striatopodocarpites with significant association of the gen-

and

era are Rhizomaspora, Distriatites, Scheuringipollenites,
Cyclogranisporites, Cyclobaculisporites, Densipollenites
striatites, Alisporites, etc. The lack of younger elements as
Lundbladispora, Densoisporites, Densipollenites
magnicorpous, Lunatisporites, etc. Hence the palynological
investigation suggests the age of strata comparable to Upper

Barakar.
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Text-figure 1—Showing the location map of Chaturdhara Nala section. Sundargarh disrict. Ib-river Coalfield. Orissa.
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PLATE 1

(All x 500)

| Microbaculispora gondwanensis. Bharadwaj, 1962. BSIP Shde No. 6. Densipollenites indicus. Bharadway, 1962. BSIP Shde No. 12091

12091 7. 10. Fawnipollenites perexigus, Bharadwaj & Satujha, 1965. BSIP Shde
2. Latosporites falkenvergensis. Venkatachala & Bharadway, 1964. BSIP No 12090.

Shde No. 12091 8. Ephedripites mesozoica. Maheshwarnt. Bose & Kumaran, 1977. BSIP
3. Inaperturopolieniies nebulosus, Balme, 1970. BSIP Shde No. 12091 Shde No. 12091
4, 12. Cvclobaculisporires minuus. Bharadway & Salujha, 1964. BSIP Slide 9. Sinatites irregularis. Tiwari, 1965 BSIP Slide No. 12090.

No. 12090. 1l Rhizomaspora indica. Tiwari. 1965. BSIP Shide No 12091

5. Scheurngipollenites maximus. (Hart) Singh, 1964, Tiwari, 1973. BSIP 13.  Parasaccires bilareralts, Tiwari, 1965. BSIP Shide No. 12090.
Shide No. 12001
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Sample No.

Name of Genera

ALISPORITES

FAUNIPOLLENITES

SCHEURINGIPOLLENITES

STRIATOPODOCARPITES

SYRIASULCITES

DIASTRIATITES

CYCLOGRANISPORITES

CYCLOBACULISPORITES

BREVITRILETES

BARAKAR

LATE

0 4 8 12°%
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Age Group Formation {Lithology & Thickness.
Recent Alluvium/ |Recent gravel and conglomerate.

Laterile

Upper Lower Kamthi Conglomerate, red shale,

Permian 10|Gondwana ferruginous sandstone (300 ).

Lower

Triassic

Lower Lower Barakar Feldsputhic  with  conglomerate

Permian  |Gondwana bands and lenses, white. grey and
carbonaceous shales fireclay and
coal scams (600 m).

Karharbari |Mostly coarse grained sandstone
with one thin coal seam (90 m-
125 m).

Talchir Diamictite  greenish  sandstoncs.
olive and chocolate coloured
needle shales bands. rhythmites
(130 m +).

Unconformity
Pre- Granite,  Gneisses,  Cambrian
Cambriun Amphibolites, Migmatites cic.

Based on the work carried out by the euarlier workers. the following
geological succession for Ib-Himgir Valley was proposed (afier Raja

Rao, e

d, 1982):

Table 1—The sample list of studied surface sediments from Chaturdhara
Nala section near to Junction of Basundhara Nala, District Sundargarh.

St. Lithology Remark Lithological |Palynological age
No. age
B Grey shale ++
2, —do-— - U
3. —do-—
4. —do— P
5. —do-— ++ B
6. —do— ++ A P
7. —do— - R
8. —do— +++ A E P
9. —do— - K A
10. [—do— - (A R L
1. |—do— TR Y
12, | —do— N
13. | —do— - 0
14, |—do— 1+ ) |B - -
15. | —do— - A
16, | —do— A S
17. | —do— + S
18 [—do— : ___ R E
19. | —do— - F M
20. | —do— - 0 A B
21, | —do— R L
22. | —do— + M K A
23, |—do— - A G
24. | —do— - T A E
25. {—do— - I
26. | —do— 0O R
27. | —do— N
28. | —do— +
29. | —do—
30. | —do— -

+ rare ++ common +++ rich - abscnt

%
Text-figure 2—Histogram showing the percentage distribution of palynotaxa
in surface samples from Chaturdhara Nala scction [b-River Coalfield. dis-

trict Sundargarh, Orissa.
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CORRELATION

The Upper Barakar palynoflora recovered from the
surface samples were collected from northern side of
Chaturdhara nala near to junction of Basundhara nala. This
palynoassemblage resemble with the results of B.H. IBH-6
K.L.Meena (in press) from IB-River Coalfield, Jharesuguda,
Orissa. The results correlate with the result of B.H. TP-8
studied by Tripathi (1996) and also with results of B.H. TP-
9 and TP-10 studied by Meena (in press) trom Talchir coal-
field. Orissa. This palynoassemblage has resemble with Up-
per Barakar age (Lower Permian) recovered from B.H. RGP-
7 studied from Mand-Raigarh Coalfield, M.P. by Meena
(1999). The results of there surface sediments has been cor-
relate with the other basins of India (Bharadwaj. 1962;
Bharadwaj & Tiwari, 1977; Tiwari & Singh, 1986; Srivastava,
1973, 1980; Srivastava & Anand-Prakash, 1984: Tiwari &
Meena 1989).

CONCLUSION

Palynological results suggest that these sediments were
deposited in Late Barakar age. The palynoassemblage is simi-
lar to palynological results recovered from Upper Barakar
sediments of other basins, India.
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ABSTRACT

Singh RS 1999. Diversity of Nypa in the Indian subcontinent : Late Cretaceous to Recent. Palaeobotanist
48(2) : 147-154.

Nypa, a monotypic genus of the family Arecaceae, is restricted to the mangrove ecosystem in the
ropical coasts of south-east Asia and Australia. In the Indian subcontinent, it grows in Gangetic delta.
Andamans and Sri Lanka. The fossil remains including fruits. roots, cuticles and pollen assigned to this
genus are well-documented since Late Cretaceous to Pliocene having pantropical distribution. Fruits cf.
Nypa, described under several species on the basis of size and shape vanations, are now constdered as a
single species because of wide variations in the living plants. Similarly, the roots and cuticle described show
affinity with modern  Nypa fruricans.  Fossil pollen atiributed 10 the pollen of Nyp« are referred 10
Spinizonocolpiies Muller 1968 which is represented by 13 species in India. Out of them. 8 species and two
specimens are found to be distinct by virtue of their morphological differences in exine and its sculptural
Lype. Only one fossil species is similar, if not identical, with the pollen of Nypa fruticans; other fossil pollen
show considerable morphological variations but the pollen of extant Nypa do not show such variations.
This suggests that Nypa fruticans is a relict species of a large group of early Nypa-complex prevalent in
[ndia during Late Cretaceous to Eocene but more diverse during Palaeocene. In the Palacocene sediments
of north-eastern India Spinizonocolpiies is an important element both in terms of diversity and preservation
and probably the richest record of the world. After Eocene. the fossil pollen records are represented by only
one species — S. prominaius showing similarity with the pollen of Nypa fruticans. Thus it seems that the
early Nvpa-complex may have experimented with the various habitats and due to other successful competi-
tors may have perished except its living counterpart which occupied only mangrove habitat.

Key-words—Palynology, Nypa, Spinizonocolpiies, Diversity, Late Cretaceous-Palaeocene. India.
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INTRODUCTION

YPA fruticans van Wurmberg — It is an interesting

to note that prior to the recognition of living Nypa from
Asia by van Wurmberg in 1779, its fossil fruits were described
from the Eocene deposits of London Clay by Parsons (1758).
Nypa fruticans van Wurmberg is the only species of this ge-
nus possessing a distinct vegetative and reproductive system.
It differs from other palms by lacking an upright stem and
having dichotomously branched creeping stem, and its large
pinnate leaves reaching up to nine meters in length. The fruits
are large, woody drupes borne on a compact fruiting head.
Despite its characteristic morphological features which make
it easily identifiable there have been several systematic posi-
tions proposed for it. It is treated within the family Palmae
(Arecaceae) by Endlicher (1837), Drude (1887), Hutchinson
(1959), Beccari and Hooker in Hooker (1894) . A subfamily
of itsown, Nypoideae, is advocated by Engler and Gilg (1924)
which is followed by modem taxonomists, viz.. Burret (1953),
Potztal (1964), Dransfield and Uhl (1986) and Uh! (1972). A
family status was proposed much earlier by Brongniart (1843)
which was also followed by Tralau (1964) and Muller (1964).

Nypa fruticans occurs in a narrow restricted tropical
area of south-east Asia (including India in Sunderbans and
Andamans Island, Bangla Desh) to Australia in the man-
grove ecosystem. The plant forms sometimes pure stands be-

PLATE 1

cause of its rhizomatous branching habit and favours quite
estuarine or shallow lagoons in which fresh water runs. [t does
not grow on the shores with much wave action and in
hypersaline conditions (Tomlinson, 1986).

The present day ecology of Nypa is taken to deduce
the palacoenvironment of the past on the basis of occurrence
of fossil remains of cf. Nypa. Such deductions should be
worked out cautiously with the help of other parameters of
sedimentology primarily because this does not consider the
evolution of the species over such a large span of time and
also probable adaptability of the plant in the different habi-
tats.

Nypa fruiticans (Pl. 2, figs 2-4) — Pollen grain elliptic,
60-80 x 33-50 um. Sulcus meridional. Exine tectate, spinose:
spine 4-10 pm long, 5-6 um wide at the base, 2-5 pm apart,
base swollen with gradually tapering apices, tips pointed. thin,
flexible. sometime curved forming hook-like structure. Spine
attachment supraexinal. Interspinal area microreticulate. lu-
mina about [ pm wide, uniform, polygonal; muri I pm thick.
tectum with 1-2 pm high bacula and a fine sole.

Fruits of Nvpa fruticans —are large, woody drupes
produced in a compact {ruiting head showing variations in
its shape and size: interestingly the differences or variations
are also connected by transitional forms even on the same
plant.

—

England Finder reading and magnification are given for cach figure. The photographs illustrated are from the Palucocenc of Langrin Coalfield.
Mecghalaya and the extant pollen are from the Sunderbans, West Bengal.

i Spinizonocolpites bulbospinosus Singh, Stide no. BSIP 9946. 044/

0 x 1000.

2-4. SEM photomicrographs ol the above species showing the gross
morphology and detail exinal characters. 2 = x 750, 3 = x 1200 & 4
=x [400.

5.6.8.9. S. indicus Singh, SEM photomicrographs showing the gross
movphology and details of the exine. 5§ = x 750. 6 = x 1200. § = x
1500, 9 = x 700.

7. S.indicus under light microscope. Slide no. BSIP 9979, U33/O
1000.

10, Spinizonocolpites sp. Singh. Slide no. BSIP 9986. X 47/4 x 1000,

i1 S. prominatus a part of the pollen showing the spinal morphology
under SEM. x 750.

12. Spinizonocolpites sp. (=Pollen type - 2. in Singh 1990) showing

the gemmac and the annulocolpate aperture. Shide no. BSIP 9949,
RS9/1, x 1000.
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FOSSIL RECORDS

Fossil cf. Nypa i1s well documented by fruits, pollen,
roots and cuticles.

Fruits — Parsons (1758) described fossil fruits from the
Eocene deposits of London Clay and since then numerous
fossil fruits have been recorded from the Eocene deposits in
Europe. Africa, America and Asia including India. A large
number of species fossil fruits are instituted by various work-
ers on the basis of minor variations in shape and size. In the
Indian subcontinent fossil fruits cf. Nypa is recorded from
the Deccan Intertrappean sediments exposed in Madhya
Pradesh as Nipadites hindi Rode 1933, Nipa hindi (Rode)
Sahni in Sahni & Rode 1937, Nipa Chitaley 1960, Nypa
Nambudiri 1966 and from Maharashtra as Nipadites sp. Carter
1854. The Deccan Intertrappean beds were earlier considered
to be Early Eocene but now most of the beds are considered
to be Late Cretaceous (Sahni, 1990). From north-eastern In-
dia it is known from Tura Sandstone (Palacocene but earlier
considered as Cocene) of Garo Hills as Mipa Lakhanpal 1948,
Sylhet Limestone (Eocene) of Khasi Hills as Nipadites sp.
(Bhattacharyya, 1967) and from the Miocene sediments of
Garo Hills as Nipa sahinii Lakhanpal 1952 (Table 1). In other
parts of the world, all fossil fruits described are now being
considered under a single species, viz., Nipa burtini
(Brongniart) Ettingshausen (see Tralau, 1964), because of the
fact that Nvpa fruticans produces fruits with wide variations
in shape and size even on the same plant. Thus, recognisation
of diversity on the basis of fossil fruits of Nypa is rather im-
possible unless a finer morphological work is done.

Pollen — Extinct Pollen related to Nypa are referred to
Spinizonocolpites Muller 1968 which is widely recorded from
Late Cretaceous to Eocene sediments. From the Late Creta-
ceous it is known from South America (Germeraad er al.,
1968), Venezuela and Colombia (Regali et al., 1974a, b), Bra-
zil (Jardine & Magloire, 1963), Cameroon and Borneo
(Muller, 1968), South Arabia (Schrank, 1984) and India
(Venkatachala & Sharma, 1974: Baksi & Deb, 1981: Nandi,
1990). Its record from the Cretaceous-Tertiary transition comes
from south-east Asia (Muller, 1968; Herngreen & Chlonova,
1981). In the Eocene sediments Spinizonocolpites is widely
reported from North America, Europe, Australia, Malaysig,
Pakistan and India (Table I). During Miocene Nypa disap-

PLATE 2

S. wodchousei Singh, Slide no. BSIP 9965, F68/3. » 1000.

o —
h
[o%)

Pollen of Nvva fruricans van Wurmberg, Specimens from the
" Sunderbans. x 1000.
4. SEM photomicrograph of the potlen of Nvpa fruticans showing
the detail morphology (courtesy Dr K. Ambwani. BSIP). x 850.
5.8-10.  SEM photomicrographs of S. prominaius showing the various

types of spines and the gross morphology. 5 = x 1500, 8 = x
1200.9 = x 750 & 10 = x 1000.
6.7 SEM photomicrographs of S, bactdates Muller. 6 = x 1500. 7 =

peared from the most parts of the world and almost reached
its present status.

Roor and Cuticles — Roots cf. Nypa is described [tom
the Late Cretaceous sediments of Deccan Intertrappean beds
(Verma, 1974) and cuticle cf. Nypa is also known from the
Miocene of Ratnagiri of Maharashtra (Kulkarni & Phadtare,
1980).

DISCUSSION

Nypa had a wide geographical distribution during the
past but at present grows in a narrowly restricted areas of
tropical coasts of south-east Asia in mangrove ecosystem,
Fossil representation of this genus is also well documented
(Table 1). Several species of these fruits were instituted sim-
ply on the basis of variations in their size and shape, but in
living Nypa such variations may be seen even in the same
plant. Thus, it is very much possible that the fossil fruits of
Nypa assigned 1o different fossil species actually belonged to
one species of Nypa. But this needs further finer morphologi-
cal studies of the fruits of both living as well as fossil. Simi-
larly, fossil roots and cuticles assigned to various species of
Nypa should be studied critically. Pollen of Nvpa fruticans
have characteristic morphology and do not show much varia-
tions and thus provides an opportunity to compare with the
extinct pollen in detail. Spinizonocolpites prominatus
(Maclntyre) Stover & Evans (= §. echinatus Muller 1968; Pl
1, fig. 11; & P1. 2, figs 5, 8-11) is the most common species
reported from various parts of the world. In India, it ranges
from Late Cretaceous to Neogene (Table 1). It has more or
less similar morphology of the spines as that of the pollen of
Nypa but the size of the pollen grains is generally smaller
(average 50 um). Nevertheless, the smaller size of the fossil
pollen may be due to the loss of moisture during the fossiliza-
tion. One of the closely related species with the above fossil
pollen is S. indicus Singh 1990 (PI. 1, figs 5-9) which has
comparatively much longer (7-15 um) and bulbous base of
spines (PL. I, figs 6, 8). It is observed that S. indicus is a
dominant element in the Tura Sandstone while S. prominarus
is widely distributed species in the Tertiary sediments of In-
dia and abroad. Thus, it seems that either the above two spe-
cies may have been produced by two ecotypes of the same
species or possibly produced by two distinct species belong-

E—
x 750.
1. Spinizonocolpites prominanes (Maclntyre) Stover & Evans, Shide
no. BSIP 9949, Q33/3, x 1000.
12 S. intrarugulares Muller, de Di Gracomo & van Erve. Slide nu.

BSIP 9973, 044/2, x 1000.

13-14. S bacularus Muller, Slide no. BSIP 9953, W28/3. x 500 & BSIP
9959. R33/0, x 500.
15. S. buthospinosus Singh, Slide no. BSIP 9947, G46/4. x 500.
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Table 1 — Showing the distribution of species related to Nypa in the Indian sediments

Taxa Late- Palaeocene Eocene Oligocene Neogene Quaternary
Cretaceous Miocene | Pliocene
POLLEN
Spinizonocolpites
S. baculatus |TI‘ XI5 1, 13,25
S. prominatus |Tl0 X11: 28,27 15.14.7,29,30,24,6,16,8.12.25, 1, 13. 18
S. mulleri
S. mucus
S. decoris
S, intrarugulatus Bll: 25 J
S. bulbospinosus | X11.25 J
S. indicus l?ll; 25 J
Spinizonocolpites sp. | [711; 25 J
S. wodehousei m 1X:22, 1,25 |
S. brevispinous | 11%; 1 |
S. sahii

Spinzonocolpites sp. 2
Spinizonocolpites sp. 3

S. quilonensis | X; 19, 20. 17, 26|

S. spinulosits | X: 17 |

Spinizonocolpites sp. 4 l X; 17 |
FRUITS
Nipa hindia [ vii21,23 |

Nipa sp. | | VI 5 j
Nipadites compressiire I VI; 23 I
Nipadires sp. ul; 4 |

Nipadires sp. 3 X112

Nipadiies sp. 4 VII; 10

Nipa sahnii VII; 3 VII: t]

ROOTS & CUTICLES

Nypa (Root) | VI3 |

Nypa (cuticle) lll; 9 l

NYPA I:‘RUTICANS | X1 X1V

BASIN/AREAS — |= Arunachal Pradesh. [1- Bengal, [l= Cambay, IV= Kuteh, V= Cauvery. VI= Decean interappean, Vil= Garo Hills. VIlI= Krishna-Godavari, 1X= Neyveli
(Cauvery). X= Kerla-Lakshadeep. Xl= Rainagin (Maharashtra), X11= Khasi & Jaintia Hills X11= Sunderbans, X1V= Andamans, * Borehole Data.

|= Baksi & Deb (1980). 2= Bhatacharyya (1967). 3= Bhattacharyya (1983), 4= Carter (1834). 5= Chitaley (1960). 6= Kar (1985). 7= Kar & Jain {1981, 8= Kar & Kumar (1986).
9= Kulkarni & Phadtare (1980). 10= Lakhanpal (1948). 1 1= Lakhanpal (1952). 12=Mandal (1987). I 3= Mathur & Chopra (1987), 14= Nundi (1990). 15= Prakash er al. (19901, 16=
Prasad & Dey (1986). 17= Ramanujam (1987). 18= Ramanujam & Rao (1977). 19= Rao & Ramanujam (1975), 20= Rao & Ramanujam (1978). 21= Rode (1933). 22= Duua & Sah
(1970). 23= Sahni & Rode (1937). 24= Sarma er /. (1984), 25= Sigh (1990), 26= Srisailam & Ramanujam (1982). 27= Venkatachala (1973). 28= Venkatachala & Rawat (19721,
29= Venkatachaka & Sharma (1974), 30= Venkatachala & Sharma (1984). 31= Verma (1974).
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ing to the genus Nvpa. Two other fossil pollen species, viz.,
S. bacularus Muller 1968 (Pl. 2, figs 6-7, 13-14) and S.
imtrarugularus Muller, de Di Giacomo & van Erve 1987 (PI.
2, fig. 12) are closely related with each other in gross mor-
phology having baculate sculptural elements but again differ
in size range and exinal characters below the bacula. Though
the baculate sculptural elements are absent in the pollen of
Nypa, but similar general organization of the pollen as that of
Nyvpa strongly suggests that the baculate type of the pollen
were produced by plants velated to Nypa. S. wodehousei
Singh 1990 (P1. 2, fig. 1) is characterised by “long beaked
flask shaped” sculptural elements (8-18 um) and wide tumina
at the interspinal area, whereas S. bulbospinosus Singh 1990
(Pl 1. figs 1-4; PL 2, fig. 15) also has sculptural elements but
they are gemmae-like with small protruding spines. S.
duplispinosus Ambwani 1993 described from the Palaeocene
of north-eastern India seems as a specimen of S. bulbospinosus
Singh 1990 having some fused spines. S. decoris Venkatachala
& Sharma 1974 has thick exine at the base of each spine,
such thickening do not occur in Nvpa pollen. S. spinolosus
Ramanujam 1987 is characterised with very small spines
(about 1 pm long) but §. quilonensis Rao & Ramanujam
1975 can be related with the species of Salaca since the pol-
len have smaller sculptural elements (about 3 um long) with
psilate exine in between the spines. S. mucus Venkatachala &
Sharma 1974 is characterised by curved tipped spines but in
the original diagnosis the authors state that the apertural type
is not clearly observed. Curving of spine may be due to arti-
fact of compression (Babajide-Salami, 1985). Baksi and Deb
(1980) illustrated  S. mudieri, S. sahii and S. brevispinosus
but neither provided any description nor diagnosis of any of
the above species and hence all are invalid. But from the pho-
tographs it seems that S. mulleri is a specimen of S.
intrarugularus, whereas S. sahiiresembles S. prominatis. The
photograph of the S. brevispinosus is not clear to make any
comment. Spinizonocolpites sp. described by Singh 1990
(PL. 1, fig. 10) is exceptionally large (68-92 um) with small
spines (3-10 um). Spinizonocolpites sp. (Kar, 1985) has spines
slightly constricted at the middle and then broadened and
gradually tapers towards the ends. “*Pollen type 2 described
in Singh 1990 from the Palacocene possesses gemmae as sculp-
tural element (Pl 1, fig. 12) but the other characters are same
as that of Spinizonocolpites and hence it also represents and
species of early Nvpa-complex. Spinizonocolpites sp. in
Prasad and Dey (1986) and Spinizonocolpites sp. in
Ramanujam and Rao (1977) are comparable to S. prominatiss.

Thus, the fossil pollen species, viz., S. prominatus. S.
baculatus, S. intrarugulatus, S. indicus, S. bulbospinosus, S.
wodehousei, S. spinolosus, S. decoris, Spinizonocolpites sp.,
and “Pollen type 27 (Singh, 1990) instituted on the basis of
morphological variations represent an early Nvpa-complex
comprising different species or subspecies of the genus. The
highest diversity of early Nvpa-complex is recorded in In-

dia during Palaeocene (Table 1) which suggests rapid evolu-
tion of this early Nypa complex. Most of the reports of Nvpa-
complex are from the coastal areas which indicate to be the
mangrove plants but their occurrence in the non-marine Deccan
Intertrappean beds of central India associated with
megafossils mostly belonging to other palms prompt to sug-
gest that the early Nvpa may have been growing in the habi-
tats other than the mangrove, probably lacustrine environ-
ment. After Eocene it may be very much possible that due to
competitive co-association of other floral elements the early
Nypa-complex could not compete with and thus got extinct
leaving the only relict species of the present in its specialized
habitat. In Sunderbans, the genus Nypa being over exploited
for its leaves used in thatching is in verge of extinction.
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ABSTRACT

Singh A & Misra BK 1999. Fluorescence microscopic investigations of the main lignite seam from the
Neyveli Lignitefield. Tamil Nadu, India. Palacobotanist 43(2) : 155-162.

The organic (maceral) composition of the main lignite seam encountered in bore-holes NLE-27, 35
and 36 from mine 111 of Neyveli Lignitefield has been investigated under fluorescence mode (blue light
excitation). The lignites are of sub-bituminous C stage (R max. 0.39% ASTM classification) and predomi-
nate in the huminite group of macerals followed by those of the liptinite and inertinite groups. Liptinite
macerals, viz.. liptodetrinite, bituminite, chlorophyllinite and various forms of resinite and perhydrous
huminite. usually indistinct under normal mode. are recognized and more information about their characters
and mode of occurrences has been presented. The data generated have led to a more detailed understanding
of the source material, swamp type, and genesis of Neyveli main lignite seam.

Key-words—Petrology, Fluorescence, Neyveli lignite, Tertiary.
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INTRODUCTION

EYVELI Lignitefield, extending in an area of about 430
sq. km between the latitudes 11°15" : [1°40°N and
longitudes 79°25": 79°40°E in the Staie of Tamil Nadu, is the
largest mining lignitefield of India with an estimated reserve
of about 3,300 million tonnes. The lignite occurs in and around
village Neyveli in South Arcot Basin or Ariyalur-Pondicherry

DEPTH
(in metre)
O — —
: Recent to
I~ Sub-recent

| Cuddalore
Formation

LEGEND

Alluvium
[:l Clay

[]]]]m] Carb. clay
Sand
Sandstone
] Bl Lionite

Text-figure 1—A gencralized lithological succession of the Neyveli
Lignitefield. Tumil Nadu (not to scule).

sub-basin of the Cauvery main Basin.

In the area. the Precambrian metamorphic rocks (schists
and gneisses) form the basement over which lies a sedimen-
tary sequence of Ariyalur Group (Late Cretaceous). The Cre-
taceous rocks (fossiliterous limestones, calcareous sandstones
and marlstones) are uncontormably overlain by the Tertiary
sediments. The Cuddalore Formation (Mio-Pliocene), contain-
ing the lignite deposit, tops the sequence and is in turn cov-
ered completely by recent alluvium (Text-figure 1: for details
refer Gowrisankaran er al., 1987; Singh er al.. 1992).

The Cuddalore Formation comprises alternating beds of’
sandstone, clayey sandstone, sandy clay, carbonaceous clay.
besides a thick lignite seam— the main seam in its upper part.
The seam is encountered at a depth of about 40 1o 150 m
below ground level. Its thickness varies between 6 to 27
and it tends to split into two or three (sometines more) scams
towards southern and western periphery of the area. There are
few local and uneconomic seams overlying the main seam.

[
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Text-figure 2—A Map showing mining blocks in Neyveli Lignuefield and
location of investigated bore-holes NLE-27. 35 and 36.

PLATE 1 _
, (All photomicrographs were taken on polished surfuce under incident blue light excitation using oil immmersion)

1 Fluorescing (perhydrous) huminite associated with liptodetrinite, S. Resinite- single elongated body fluorescing with yellowish-brown

ca x 400. colour, ca x 400.
2. Suberimie (suberinized cell walls). ca x 400. 6. Sporinite- a trilete and a monolete spores. ca x 600.

Cutinite showing epidermal cells and stomata. Note elongated cuticular 7. Alginite (Borryococcus). ca x 700.

ledges in oblique section at the bottom. ca x 400. 8. Chlorophyllinite fluorescing with red colour inside the Icaf tissuc.
4. Resinite filled in cell lumina. ca x 600. ca x 800.
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Stupendous information on palaeobotanical constituents
of the Neyveli lignite has been gathered since fatter part of the
1950 (for detail references see Singh et al., 1992) . The data
accumulated have been potentially used to interpret
palaeofloristics and palacoclimate of the deposit. However,
the studies on petrological constituents of lignites, much use-
ful to understand the process of coalification and the genesis
of the organic deposit, started during the late sixties (Navale,
1968). The available information on petrology of Neyveli lig-
nite is mainly based on incident white light microscopy
(Navale, 1971, Navale & Misra, 1980; Singh er al., 1992,
Singh & Singh, 1993).

A considerable advancement in the microscopic tech-
niques during recent years necessitates the assessment of lig-
nite deposit by newer techniques. The fluorescence
microscopy, a better and more reliable method to evaluate and
1o assess the hydrogen-rich macerals (liptinites and perhydrous
or fluorescing huminite) in particular, has been used presently
and the information gathered on liptinite macerals has been
utilized for a critical evaluation of the lignites.

MATERIAL AND METHOD

Thirty-nine core samples (37 lignite and 2 lignitic clay)
from three bore-holes NLE-27 (25.0 m lignite), NLE-35 (5.85
m lignite) and NLE-36 (7.50 m lignite and 6.20 m lignitic
clay) from mine 111 of Neyveli Lignitefield (Text-figure 2),
obtained through the courtesy of the Geological Survey of
India, have been used for the present study. The samples col-
lected vertically (approximately metre by metre) represent the
main lignite seam in different sections. The distribution of
lignite and lignitic clay beds encountered in the three bore-
holes are shown in lithologs (Text-figure 3).

The samples were crushed (+ 1-2 mm grain size) and
particulate pellets were prepared by cold embedding using
epoxy resin and hardner in a ratio of 5:1 at room temperature.
The fluorescence microscopic investigations were carried out
under violet-blue light excitation (Filter block H3: 420-490
nm ) on Leitz MPV-3 unit using {50 Watt ultra high pressure
Xenon lamp as a source of illumination, 25x NPL Fluotar oil
objectives with 0.75 numerical aperture and fluorescence free
immersion oif following the recommendations of ICCP (1971,
1975). By using automatic point counter (James-Swift Model
F), 500 counts per sample have been counted for quantitative
assessment of vartous fluorescing and non-fluorescing
macerals. The results are expressed as volume per cent (vol.
%) on mineral matter-free (m.m.f.) basis. The descriptive ter-
minotogy for fluorescing macerals is given by Stach et al.
(1982) and Misra and Navale (1992).

MICROSCOPIC OBSERVATION

Of the three main maceral groups of lignite— huminite,
liptinite and inertinite (ICCP, 1971, 1975), the fluorescence is

shown mainly by relatively hydrogen-rich liptinite macerals.
A fraction of huminite designated as fluorescing or perhydrous
huminite (=fluorescing or perhydrous vitrinite in bituminous
coals) fluoresces with low intensity. On the contrary. the
macerals of inertinite group do not fluoresce at all.

Huminite Group

The huminite maceral fluoresces with yellowish-brown
to dark brown colours when it is associated with very small
fluorescing particles of liptinite group (PL. 1, fig. 1). The
perhydrous huminite generally forms the groundmass for other
macerals. Fluorescing huminite appears low reflecting and
spongy in nature under normal incident light.

Liptinite Group

The macerals of fiptinite group fluoresce with wide range
of colours (green to red) and intensities depending on their
chemical composition and stage of maturity.

Sporinite—It incorporates angiospermic pollen and
pteridophytic spores. [t exhibits dull and dark yellow, brown-
ish-yellow, yellowish-brown and reddish-brown fluorescence
colours. The outer wall of pollen and spores is invariably
brighter than the inner wall. The outer wall also contain orna-
mentation by which the genera are identified. In sectional view,
the lumina of spores-pollen appear dark (PL. 1, fig. 6). The
sporinites are either well-preserved or broken, degraded and
in granular forms.

Suberinite—The maceral fluorescing with brownish-yel-
low to yellowish-brown colours incorporates periderm and
covering of fruits and roots. It generally occurs as tabular
multicellular thick or thin bands (Pl. 1, fig. 2) but sometimes
itis represented by a few-celled fragments or shreds.

Cutinite—Iltincorporates outer covering of leaves, shoots
and thin stems, etc. Cutinite is easily recognized by cuticular
ledges (cutin between the walls of the epidermis). In surface
view it exhibits underlying polygonal epidermal cells. Both
tenui- (thin) and crassicutinites (thick) have been recorded.
Generally the first type fluoresces with brown to reddish-brown
colours, whereas the second type fluoresces with brownish-
yellow colour with relatively higher intensity. Cutinite with
well-preserved cuticular ledges and stomatal structures have
also been observed (P1. 1, fig. 3).

Alginite—It 1s mostly represented by the algae
Botryococcus which is formed by numerous unicellular algae
arranged radially in groups. Its colonies have been found ei-
ther discretely or in groups (P1. 1, fig. 7). In most cases it is
well-preserved and is recognized by the cup-shaped openings.
Degraded and broken, but still identifiable specimens have
also been observed. Alginite emits bright yellow and orangish-
yellow fluorescence colours with higher intensities in com-
parison to other liptinite macerals.
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Text-figure 3—Core logs showing lignite scam and associated sediments
along with position of samples in bore-holes NLE-27, 35 and 36.

Resinite—It occurs as circular, sub-circular, elongated
and irregular bodies either discretely (PL I, fig. 5) or in rows
or groups. The latier are mostly cell-filling resinite aquiring
the shapes of cell lumina (Pl. I, fig. 4). The resinite exhibits
widest range of fluorescence colours, viz., yellowish-green,
greenish-yellow, pale, deep and orangish-yellow, yellowish-
brown, reddish-brown, and greyish-brown. The fluorescence
intensity generally varies between low to moderately high.

Chlorophyllinite—1t fluoresces with red colour and is oc-
casionally observed inside the leaf tissues (PI. 1, fig. 8) and
also as disperse small particles. The blood-red colour of the
chlorophyllinite easily distinguishes it from the other liptinite
macerals.

Liptodetrinite—All the detrital and unidentifiable liptinite
macerals consisting the fragments or relics of sporinite,
cutinite, resinite. suberinite, alginite, etc. constitute
liptodetrinite which fluoresces with different colours and
intensities. The fluorescence colour and intensity of
liptodetrinite depend upon original material, chemical or bio-

logical decomposition and degree of diagenesis.

Bituminite—A secondary maceral fluorescing with dull
yellow colour. Mostly it is found as groundmass for other
macerals in Neyveli lignite and rarely as small spongy gran-
ules inside the cells lumina emitting light of very low inten-
sity. "Mineral bituminite’, that is the fluorescing groundimass
formed by closc association of mineral and bituminite is quite
significant in lignitic clay bed.

Besides the preceding liptinite macerals, multiccllular
spindle shape fluorescing bodies in association with cutinite
have also been recorded. These bodies, occurring discretely
or in a chain, fluoresce with yellow, orangish-yellow and
brownish-yellow colours with moderately high to low
intensities. Source of origin of these fluorescing bodies is yet
to be confirmed (Singh & Misra, 1998).

MACERAL COMPOSITION
(Table 1, Text-figure 4)

Bore-hole NLE-27—The lignite seam encountered in
this bore-hole is dominated by the huminite (65.8-88.2%) fol-
lowed by liptinite (10-33%) and inertinite (0.2-2.8%). The
huminite includes a high proportion of non-fluorescing

Table 1—Maceral composition (mean and range, under fluores-
cence mode) in the main lignite seam sections of Neyveli
Lignitefield.

Bore-hole NLE-27 NLE-35 NLE-36
No. of samples 23 6 8
Macerals ;
Fluorescing huminite 6.5 9.0 4.4
0.0-21.2 2.8-258 1.0-13.8
Non-fluorescing huminite 74.4 63.9 64.6
59.0-87.0  43.6-78.6 49.8-83.4
Total huminite 80.9 73.0 69.0
65.8-88.2  ©66.8-83.4 52.6-88.8
Sporinite 0.1 0.1 0.1
0.0-0.6 0.0-0.6  0.0-0.4
Cutinite + Suberinite 1.0 1.3 1.3
0.0-5.6 0.0-6.4  0.0-8.2
Resinite 3.1 7.5 3.1
1.4-20.4 4.4-11.0 1.2-16.2
Liptodetrinite 6.4 13.6 20.6
2.0-18.0 4.6-21.6 104-31.2
Unidentified fluorescing 0.8 0.8 0.1
bodies 0.2-6.8 0.8-2.0  0.0-0.6
Total Liptinite 18.0 25.0 28.6
10.0-33.0  16.4-30.2 10.6-44.8
Total Inertinite 1.1 20 2.3
0.2-2.8 0.2-1.0  0.6-5.0
10.0 in one
sample
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Text-figure d—Ternury diugrum showing composition of three main maceral
groups in lignite of bore-holes NLE-27. 35 and 36.

huminite (59.0-87.0%) and a subordinate amount of fluoresc-
ing huminite (0.2-21.2%).

Among the liptinite macerals, the resinite has the highest
frequency (1.4-20.4%, av. 8.1%) followed by the liptodetrinite
(2.0-18.0%, av. 6.4%), suberinite (0.2-5.4%. av. 1 .3%), culinite
(0.4-5.6%, av. 0.8%) and sporinite (up o 0.6%). The
chlorophyllinite and alginite (Borryococcus) have been also
observed, but they are quantitatively insignificant. The uni-
dentified fluorescing bodies are recorded in relatively higher
proportion (0.2-6.8%, av. 0.8%) than the seams encountered
in other two bore-holes.

Bore-hole NLE-35—The lignite encountered in this
bore-hole 1s dominated by huminite (66.8-83.4%) fraction
followed by liptinite (16.4-30.2%) and inertinite (0.2-10.0%)
fractions. The huminite fraction as a whole does not show any
particular trend in distribution, however-the fluorescing
huminite (2.8-25.8%) indicates a decreasing trend towards the
bottom of the seam. The amount of inertinite macerals sharply
increases in the middle part of the seam (10% in one sample)
which otherwise is almost uniform throughout (0.2-1.0%).

Among the liptinite macerals, the liptodetrinite is domi-
nant (4.6-21.6%, av. 13.6%) followed by resinite (4.4-11.0%,
av. 7.5%). cutinite (0-6.4%, av. 2.2%). suberinite (0.2-1.0%,
av. 0.5%), sporinite (up to 0.6%) and alginite (up to 0.2%).
The latter three macerals, though distributed throughout the
seam, are non-recordable in few samples. The unidentified
fluorescing bodies are present throughout the seam and range
from 0.8 to 2.0 per cent (av. 0.8%).

Bore-hole NLE-36— The lignites of the main seam en-
countered in this bore-hole shows dominance of huminite
macerals (52.6-88.8%; non-fluorescing: 49.8-83.4%. fluoresc-
ing: 1.0-13.8%). The concentration of inertinite macerals is
relatively higher (0.6-5.0%) than the seam sections encoun-

tered in other two bore-holes.

The macerals of the liptinite group (10.6-44.8%. av.
28.6%), in decreasing order of abundance are represented by
the liptodetrinite (10.4-31.2%, av. 20.6%), resinite (1.2-16.2%,
av. 5.1%), suberinite (0.6-8.2%), cutinite (up to 0.8%) and
sporinite (up to 0.4%). The unidentifiable fluorescing bodies
are recorded in low proportion (up to 0.6%). No specific trend
in the distribution of macerals is discernible in this seam sec-
uon.

The lignitic clay bed, associated with bottom part of the
seam, also has a high huminite content (63-79%, av. 71.2%).
The liptinite maceral content is relatively lower (12.0-15.5%,
av. 13.7%) than those in lignite sections. ‘Mineral bituminite’
is recorded in appreciable amount (9-21%, av. 15%). The
inertinite macerals have been found to be quantitatively insig-
nificant. The required 500 counts could not be made on lignitic
clay samples because of the scarcity of clean particles.

A comparative data of lignite seam encountered in three
bore-holes, on the basis of frequency distribution of fluoresc-
ing and non-fluorescing macerals, are provided in Table 2 and
Text-figure 5. The data indicate that the lignite in bore-hole
NLE-27 has relatively higher proportion of non-fluorescing
macerals than in the lignite seams in other two bore-holes.
The content of fluorescing macerals have been found to be
higher in the lignite seam of bore-hole NLE-35 than in the
seams of bore-holes NLE-27 and 36.

Table 2— Frequency of fluorescing and non-fluorescing macerals
in lignites of bore-holes NLE-27, 35 and 36 from Neyveli
Lignitefield.

Bore-hole NLE-27 NLE-35 NLE-36

No. of samples 23 6 8

Macerals

Fluorescing 24.4 34.0 33.0
12.6-38.8  21.2-56.0 15.2-47.6

Non- fluorescing huminite 74.4 63.9 64.6
59.0-87.0  43.6-78.6 56.6-83.4

Inertinite 1.1 2.0 23

02-2.8 0.4-10.0  0.6-5.0

Note: Fluorescing macerals incorporare all the liptinites, fluoresc-
ing huminite and unidentifiable fluorescing bodies.

DISCUSSION AND INFERENCE

Each organic constituent (maceral) provides important
information about an organic deposit because its origin 1s de-
pendent on climate, peat-forming plant communities, ecologi-
cal conditions (pH, Eh of water) and degree of carbonification
(Stach eral., 1982; Teichmdiller, 1989). Proper recognition of
organic constituents is. therefore, important to obtain infor-
mation about these aspects. A better distinction of liptinite
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Text-figure S—Ternary diagram showing composition of fluorescing and
non-fluorescing maccerals in the lignite seams of bore-holes NLE-27, 35 and
36.

macerals, under fluorescence mode, has made it possible to
generate useful data and to establish a generalized picture of
the depositional conditions. The inferences drawn from the
earlier studies and also from the present investigations under
fluorescence mode, are as follow:

Earlier evidences gathered from mega- and microfloral
investigations carried out on the main lignite seam (mine I,
[1, and III) indicated the predominance of angiospermic veg-
etation which served as source material in the formation of
lignite seam (Refer to Singh er al., 1992). Besides, deciduous
forest vegetation of tropical climate with high rainfall together
with coastal elements were responsible for lignite formation.

The petrographic data from the lignites of mine I (nor-
mal reflected mode) and mine Il (reflected and fluorescence
modes) also corroborate the existence of wood dominated
forest vegetation as evidenced by higher proportion of huminite
macerals (Misra, 1992; Singh er al., 1992). Appreciable
amount of resinite in the absence of gymnospermous flora
suggests the existence of resin producing angiospermic plants.
Thick bands ol suberinite also indicate the dominance of
angiosperms (Kantsler, 1980). Variation in resinite morphol-
ogy. nature of occurrence and fluorescing colours suggest it’s
origin from different sources (oil, fat, wax, latex. etc.). The
presence of alginite (Botrvococcirs) throughout the entire thick-
ness of the seam indicate marine influenced fresh water (brack-
ish water) conditions for the formation of lignite (Misra et al.,
1997). The petrological and palynological studies on Neyveli
lignites also indicate its origin in lagoons or back swamps
having more fresh water influence than brackish (Pareek, 1984:
Ramanujam er al., 1984: Singh er @l., 1992). Fluctuations in
frequency and size of algal colonies indicate the seasonal
changes and also the changes in the pH of swamp water.

In view of the predominance of humodetrinite over

humotelinite and humocollinite, high degree of vegetal deg-
radation in the middle part of the main seam was suggested by
Misra (1992). However, degradation effects were found to be
pronounced in different portions of the seam encoumtered in
three bore-holes of mine I area. Well-preserved leafl sec-
tions and epidermal tissues with stomata, which are normally
easily decomposed, indicate low energy reducing environment.
Preservation of chlorophyllinite, which most easily decom-
poses among all the liptinite macerals, also suggests a non-
oxidizing environment. This suggests a rapid burial of veg-
etal matter growing at or very near to the site of peat forma-
tion (autochthonous or hypautochthonous deposition). The
presence of perhydrous huminite, liptodetrinite and bituminite
which are generally formed during the later stages of diagenesis
reflect an undisturbed swampy condition. Relatively higher
proportion of inertinite in the lignite seam ol bore-hole NLE-
36 (Table 1) indicate that the ancient peat which formed the
lignite was exposed to oxidative conditions periodically in
the particular area. High amount of inertinite (10%) in the
middle part of the seam of bore-hole NLE-35 appears to sug-
gest such periodic dryness.

From the earlier palaeobotanical and petrological infor-
mation, besides that of the present investigation. it has been
inferred that predominantly woody angiospermous forest veg-
etation including beach, back-mangrove and mangrove plants.
besides associated pteridophytes were responsible for the for-
mation of Neyveli lignite. The identification of newly recorded
multicellular fluorescing bodies (Singh & Misra, 1998) will
further add to our knowledge about palaeoflora and
palaeoclimate of the lignite-bearing region.
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ABSTRACT

Konomatsu M & Awasthi N 1999. Plant fossils from Arung Khola and Binai Khola formations of
Churia Group (Siwalik). west central Nepal and their palaeoecological and phytogeographical significance.
Palaeobotanist 48(2): 163-181.

Systematic study of plant megafossils comprising dicotyledonous leaves and seeds collected from the
Arung Khola and Binai Khola formations of the Churia Group, exposed in Tinau Khola and Mahendra
Highway between Barghat and Dumkibas, Nepal, has revealed 15 taxa out of which 14 are new belonging to
14 genera ot 12 families. They are named as Orophica siwvalika sp. nov., Miliusa brochidodroma sp. nov.
(Annonaceae); Gynocardia bunvalensis sp. nov. (Flacourtiaceac): Shorea miocenica sp. nov.. S. nepalensis
sp. nov., Hopea siwalika Antal & Awasthi (Dipterocarpaceae); Grewia mallotophytla sp. nov. (Tiliaceae);
Cliusocheton ellipticus sp. nov., Ventilugo ovams sp. nov. (Rubiaceae), Swintonia bunwalensis sp. nov.
(Anacardiaceae). Mitragyvna tertiara sp. nov.. Mussaendopsis suborbiculatus sp. nov. (Rubiaceae): Alangium
nepalensis sp. nov. (Alangiaceae); Homonoia lanceolata sp. nov. (Euphorbiaceae) and Ficus miocenicus sp.
nov. (Moraceae). The modern counterparts of these fossils are mostly distributed in the tropical evergreen to
semi-evergreen forests of Indo-Malayan region which indicate the existence of similar type of forests in the
frontal Himalayan foot-hill zone during Middle Miocene-Pliocene. Absence of tropical evergreen dipterocarps
and their associates in the present day flora of this region reflects changes in the annual mean temperature
and rainfall caused by further uplift of the Himalaya and northward movement of the Indian Plate.

Key-words—Fossi! leaves, Angiosperms, Churia (Siwalik) Group. Middle-Upper Miocene. Nepal.
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INTRODUCTION

HE Neogene sediments of the Siwalik Group are widely

distributed along the southern Frontal Hills of the
Himalaya. In Nepal they are generally known as the Churia
Group after the Churia Hills (Tokuoka er al., 1986). The Churia
Group is very rich in plant-remains, the leaves being most
dominant among them. In order to reconstruct the floristic
patterns and climatic conditions of the Middle Miocene-
Pleistocene time, systematic study of plant fossils of the Churia
(Siwalik) Group of Nepal has been undertaken by Awasthi &
Prasad (1990), Prasad & Awasthi (1996) and Prasad (1990a,
b) from the Surai Khola and Koilabas, West Nepal who iden-
ufied a large number of fossils in terms of extant genera and
species from the Surai Khola and Koilabas, Western Nepal.
However, considering wide extent of the Siwalik (Churia)
sediments and the amount of plant material preserved therein
the number of taxa recognised so far is still small which rep-
resents only a small part of the Siwalik flora. Therefore, iden-
tification and documentation of more and more taxa from dif-
ferent localities and areas of the known stratigraphic sequence
are of utmost importance for precisely reconstructing the
floristics and climate through the Siwalik succession.

Another important aspect of extensive study of plant fos-
sils of the Siwalik (Churia) Group is to assess the magnitude
of diversification and proliferation of tropical angiosperms in
the northern part of peninsular and the extra peninsular re-
gions of the Indian subcontinent with the advent of African
and Malaysian elements.

_ The present authors have initiated the morphotaxonomic
study of* plant megafossils from the west central Nepal. In
their previous study, Konomatsu & Awasthi (1996) have re-
corded a few significant genera, viz., Clinogyne, Bambusa,
Dipterocarpus, Calophyllum, Ziziphus, Bauhinia and
Cinnamomum from the Arung Khola Formation, exposed in
Tinau Khola and Jhumsa Khola near Butwal and from the Binai

Khola Formation along Mahendra Highway between Barghat
and Dumkibas, Nepal (Text-figures 1, 2).

GEOLOGICAL SETTING

The Siwalik (Churia) sediments of Arung Khola and
Tinau Khola area west central Nepal lie between the Main
Boundary Thrust (MBT) to the north and the Frontal Churia
Thrust (FCT) to the south, and are separated by Central Churia
Thrust (CCT) (Text-figure 2). It consists of about 6000 m thick
fluvial deposits, dominated by mudstones, siltstones,
sandstones and conglomerate. The Group exhibits a gradual
coarsening upward in the sequence, reflecting the rise of the
Himalaya. Detailed work on geological mapping.
lithostratigraphy, sedimentology and magnetostratigraphy of
the Churia (Siwalik) Group of Arung Khola and Binai Khola
area Nepal, has been carried out by Tokuoka er al. (1986,
1988, 1990).

Calcutta

Text-figure 1— Index map of the study area.
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Lithostratigraphically the Churia Group is divided into
Arung Khola Formation. Binai Khola Formation, Chitwan
Formation and Deorali Formation in ascending order (Tokuoka
et al., 1986, 1988, 1990). The former two are further divided
into Arung Khola lower (Al). Arung Khoal middle (Am),
Arung Khola upper (Au); Binai Khola lower (B]), Binai Khola
middle (Bm) and Binai Khola upper (Bu).
Magnetostratigraphically, the Al and Am members are corre-
lated with the Chinji zone (lower half of Middle Siwalik in-
cluding Chron 9). The Binai Khola Formation corresponds
mostly to the Dhok Pathan zone (upper half of Middle Siwalik)
and Tatrot zone (lower half of Upper Siwalik) which ranges
from Chron & to the Gilbert Reversed Polarity Chron. The
Chitwan Formation is correlatable to the Pinjor zone (upper
half of Upper Siwalik), and the Deorali Formation to the Boul-
der Conglomerate (Text-figure 3). Of these, the Arung Khola
and Binai Khola formations are highly fossiliferous consist-
ing of mostly leaves and occasionally flowers, fruits/seeds and
carbonised woods. They are mostly preserved in the
mudstones, claystones and calcareous sandstones as
impressions and compressions with poorly preserved fragile
cuticles.

MATERIAL AND METHOD

The material for the present study was collected from
Tinau Khola and Jhumsa Khola (a tributary of Tinau river
near Butwal), Mahendra Highway between Barghat and
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Dumkibas and from Arung Khola, west central Nepal. The
terminology used in describing fossil leaves is after Hickey
(1973) and Dilcher (1974). The identification was done by
comparing them with the herbarium sheets at the Central Na-
tional Herbarium, Howrah, India. All the type and duplicate
specimens are deposited in the Museum, Birbal Sahni Insti-
tute of Palaeobotany, Lucknow.

SYSTEMATICS

Family—ANNONACEAE
Genus—OROPHEA BL.
OROPHEA SIWALIKA sp. nov.
PI. 1, figs 5-7

The species is represented by two specimens, of which
one is with counterpart.

Description—Leaves simple, symmetrical, narrow ellip-
tic, the bigger and complete one about 9.0 cm in length and
3.5 cm in width; apex acute; base obtuse; margin entire: tex-
ture coriaceous; petiole not preserved; venation pinnate. pri-
mary vein straight, moderately thick; secondary veins 5 pairs,
alternate to subopposite, angle of divergence 45°-50°, promi-
nent, moderately thick, uniformly curving and joining with
superadjacent secondaries forming marginal loop;
intersecondary veins not seen; tertiary veins present, angle of
origin seemingly RR, pattern percurrent, straight, relation with
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Text-figure 2—Geological map of the Arung Kholu arca. west central Nepal (Tokuoka er al.. 1990), showing plant fossil localities (1-8).
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midvein oblique with constantangle: further details not ciearly
discernible.

Holorype—Specimen no. BSIP 37676.
Pararype—Specimen no. BSIP 37677.
Localiry—Tinau Khola near Butwal, Nepal (Loc. 1).
Horizon—Al Member.

Age—Middle Miocene.

Discussion—From their shape, size and venation patlern
the fossil leaves appear very similar to those of Qroplea of
Annonaceae and Prerospermum of Sterculiaceae, but more
so with the former. Leaves of Prerospermum, though resem-
bling in many features, differ in having basal pairs of second-
ary veins given off from a single point, i.e. they are opposite,
whereas in the fossil as well as in Oropliea they are alternate
10 sub-opposite. Among the species of Orophea. leaves of O.
uniflora and O. polycarpa A.D.(C.N.H., Sibpur, Howrah Sheet
no. 5709) show close similarity with our fossil leaves.
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Text-figure 3— Stratigraphic position of fossiliferous horizons with the
standard polarity time scale (Cande & Kent. 1992) of Churia Group corre-
lated with the Potwar plateau of Pakistan.

Orophea BI. is a genus of small tree of shrubs. O. uniflora
Hook. f. & Thoms, is a middle-sized tree occurring in West-
ern Ghats from Coorg to Travancore. Orophea polvcarpa.
which also resembles the fossil leaves. is found in Andamans.
Martaban and Tennasserim (Brandis, 1971).

Genus — MILITUSA Lesch ex A.DC.
MILIUSA BROCHIDODROMA sp. nov.
Pl 1, fig. 3

There are six well preserved specimens representing the
fossil species.

Description—Leaves simple, symmetrical, elliptic. one
of the leaves 6.8 x 3.2 cm in length and width; apex acute;
base obtuse; margin entire; texture chartaceous to sub-
coriaceous; petiole very small; venation pinnate; simple,
brochidodromous; primary vein prominent, moderately thick.
straight; secondary veins 8 pairs, alternate, angle of diver-
gence about 60°, prominent, moderately thick, uniformly
curved; intersecondary vein one, seemingly simple; tertiary
veins visible at some places, angle of divergence seemingly
OR, pattern percurrent. further details not seen.

Holotype—Specimen no. BSIP 37678.
Locality—Arung Khola, Nepal (Loc. 7).
Horizon—Au Member.

Age—Upper Miocene.

Discussion—Brochidodromous venation pattern is the
most characteristic feature of the fossil leaves described above.
Taking into consideration a combination of other morpho-
graphic features as described above the fossil leaves resem-
ble those of Miliusa in general and M. roxburghiana Hook.
f.T. in particular of the family Annonaceae.

Miliusa roburgliame is a tree occurring in the sub-
Himalayan tract in Stkkim, ascending to 700 m, Assam.
Chittagong Hills and Myanmar.

Owing to their close similarity with the leaves of Miliusa,
the fossil feaves are assigned to it and named Miliusu
brochidodroma sp. nov. The specific name indicates
brochidodromous venation pattern of the fossil leaves.

Family—FLACOURTIACEAE
Genus—GYNOCARDIA R. Br.
GYNOCARDIA BUTWALENSIS sp. nov.
Pl. I, fig. |

The leaf is represented by a single specimen with coun-
terpart.

Description—Leaf simple, symmetrical, elliptic, almost
complete, 13.5 x 6.5 cm in length and width: apex‘acute; base
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seemingly acute; margin entire; texture subcoriaceous; petiolar
part broken: venation eucamptodromous to brochidodromous:
primary vein moderately thick, straight; secondary veins 6-7
pairs, alternate. angle of divergence about 60°-65°, curving
upward and joining with superadjacent secondary veins;
intersecondary veins present, many; tertiary veins present, aris-
ing from secondary veins as well as from primary vein, those
arising from primary vein numerous, their angle of divergence
almost 90°, running straight and joining with those of other
tertiary veins arising from secondaries as well, angle of origin
of tertiary veins from secondaries OA, random, reticulate, re-
fation with midveins perpendicular or straight to somewhat
oblique; further details not discernible.

Holotype—Specimen no. BSIP 37680.
Locality—Tinau Khola near Butwal Nepal (Loc. 1).
Horizon—Al. Member.

Age—Middle Miocene.

Discussion — In its shape, size, texture and venation pat-
tern the fossil leaf resembles those of Gynocardia odorata of
the family Flacourtiaceae. [ts closeness with this extant taxon
can be seen in the venation pattern. In addition to
intersecondary veins, the tertiary veins arising from midvein
are numerous, extending straight and joining with those of
superadjacent secondaries (PL. I, fig. 1) which is a character-
istic feature of the leaves of Gynocardia orodata.

Gynocardia orodata R.Br. is a large evergreen tree oc-
curring in the sub-Himalayan tract, ascending to 1300 m from
Sikkim eastward, Khasi Hills, Chittagong, Myanmar (Brandis,
1991).

The fossil leaf is named Gynocardia butwalensis sp. nov.
the specific name is after Butwal town in Nepal.

Family—DIPTEROCARPACEALE
Genus—SHOREA Roxb. & Gaertn.
SHOREA MIOCENICA sp. nov.
Pl. 2. fig. 3

There are four specimens of leaf-impressions represent-
ing this species.

Description—Leaves simple, symmetrical, very narrow
to narrow elliptic, biggest one (Pl. 2, fig. 3) about 12 cm in
length and 3.5 ¢m in width, apcx not discernible: base seem-
ingly acute; margin entire; texture subcoriaceous; petiole not
preserved; venation pinnate, eucamptodromous; primary vein
prominent, stout, straight; secondary veins about 20 visible in
the preserved part. might have been 2 to 4 more in the basal
and apical portion, each 6 mm apart, angle of divergence 50°-
60°. alternate to sub-opposite. running almost straight and then
turning upward before terminating at the margin;
intersecondary veins absent; tertiary veins percurrent, angle

of origin RR, simple, unbranched to occasionally forked, some-
times curving before joining the superadjacent secondary
veins, relationship to midvein oblique, further details not seen.

Holorype—Specimen no. BSIP 37681.

Pararype—Specimen no. BSIP 37682,
Locality—Tinau Khola, near Butwal, Nepal (Loc. 3).
Horizon—Al Member.

Age—Middle Miocene.

Discussion — In shape, size and venation patterns to-
gether with other morphological features the fossil leaves
clearly show affinities with those of the extant Shorea of the
family Dipterocarpaceae. Since the leaves of Diprerocarpus
are mostly large to very large. they need not to be referred to
Diprerocarpus for comparison.

After going through the herbarium sheets of a large
number of species of Shorea it was observed that the leaves
of Shorea do show considerable variation in shape and size
and in number of secondary veins. However, considering fur-
ther the above morphological details, the fossil leaves show
close resemblance with Shorea sericea (C.N.H. sheet no.
21784) and also to some extant with S. macroprera and S.
rigida.

Two fossil leaves assigned to the genus Shorea are so far
known from Cenozoic rocks of the Indian subcontinent. They
are Shorea siwalika Antal & Awasthi (1993) from the Siwalik
sediments of north Bengal and Shorea robusta Roxb. Bande
& Srivastava (1990) from the late Tertiary (probably
Pleistocene-Holocene) sediments of Mahuadanr, Palamu Dis-
trict, Bihar. These are comparable to the leaves of Shorea
assamica and Shorea robusta respectively. In shape, size and
in the number of secondary veins our fossil leaves are quite
different from the known species and therefore they are being
placed under a new species, Shorea miocenica.

Shorea sericea Dyer occurs in the evergreen forest of
Malaya, Borneo and Matlacca.

SHOREA NEPALENSIS sp. nov.
Pl. 2, figs 4,5
This species is represented by three specimens.

Description — Leaves simple, symmetrical, elliptic, two
of them 5.5 x 2.3 cm-5.0 x 2.4 cm in length and width; apex
acute; margin entire; lexture subcoriaceous; petiole present in
one specimen, about 2.0 mm in length; venation pinnate;
eucamptodromous; primary vein prominent, straight, second-
ary veins about 14-15 pairs, angle of divergence moderate.
50°-60°, moderately thick, uniformly curving upward,
unbranched; tertiary veins fine angle of origin RR. seemingly
percurrent, further details not discernible.
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Holorype—Specimen no. BSIP 37683.
Pararype—Specimen no. BSIP 37684,

Localiry—Mahendra Highway between Barghat and
Dumbkibas, Nepal (Loc.4).

Horizon—Bl Member.
Age—Upper Miocene.

Discussion—The general features of fossil leaves sug-
gest their affinities with those of the family Dipterocarpaceae.
On critical examination the most favourable comparison is
noticeable with the leaves of Shorea lamellosa and S.
leprosula, especially in shape, size, texture and venation pat-
tern, although the leaves of the former are slightly bigger. In
shape, size and number of secondary veins they are also com-
parable to the leaves of Anisoptera curtisii, but markedly dif-
fer in the absence of marginal loop.

Since these fossil leaves are different from the known
species, they are being assigned to a new species, Shorea
nepalensis. The specific name is after Nepal from where the
fossil material was coliected.

Shorea leprosula Miq. is a tall tree of 50-60 m. high,
about 1 m with buttresses. It is distributed in Sumatra and
Borneo (Ridley, 1922).

Genus—HOPEA Roxb.
HOPEA SIWALIKA Antal & Awasthi
Pl 2, fig. |

There is one specimen representing the species from
Nepal.

Description—Leaf simple, slightly symmetrical, narrow
elliptic to oblong, length 14.2 cm and maximum width 3.8
cm, one side of the midrib slightly more in width than the
other; apex acute; base acute to obtuse; margin entire; texture
subcoriaceous; petiole small, preserved length about 5 mm;
venation pinnate, simple, eucamptodromous; primary vein
prominent, thick in the lower half and gradually thinning to-
ward apex, moderately stout, markedly curved; secondary
veins 9 pairs visible, alternate, fine in thickness, angle of di-
vergence 50°-60°, basal two pairs narrow, acute, uniformly
curving upward and seemingly forming marginai loop with
superadjacent secondary veins through cross veins;
intersecondary veins present, faint and not easily recognis-
able; tertiary veins faint, angle of origin seemingly rightangle
(RR), percurrent to orthogonal reticulate, relationship with

»
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midvein oblique, further details not discernible.
Pararype—Specimen no. BSIP 37685.

Locality—Mahendra Highway between Barghat and
Dumkibas (Loc. 4).

Horizon—B| Member.
Age—Upper Miocene.

Discussion—The fossil leaf is characterised by narrow
elliptic to oblong shape with midvein markedly curved and
the lamina of one side of the midvein slightly wider than the
other. Although the tertiary and quaternary veins are not so
well preserved, and venation pattern the fossil leaf appears
very similar to that of Hopea wightiana Wall. It has been found
that the leaves of this species show wide range of variation in
size and shape but their venation pattern and curvaturing of
midvein remain unchanged. The curvaturing of midvein is one
of the most important features of H. wightiana.

There is a single record of fossil leaf of Hopea, i.e. H.
siwalika, by Antal & Awasthi (1993) from the Siwalik
sediments of Darjeeling foot-hills, India. Although this leaf is
much smaller in size, but in shape, venation pattern and coarse
of midrib it is more or less similar to our fossil feaf. Moreo-
ver, both the fossil leaves are comparable to different speci-
mens of the same extant species, Hopea wightiana. Therefore
itis being assigned to Hopea siwalika Antal & Awasthi.

Hopea wightiana is a tree occurring in the evergreen for-
ests at the foot of Western Ghats from North Kanara south-
ward, often gregarious, covering large tracts in the low coun-
try of South Kanara (Brandis, 1971).

Family—TILIACEAE
Genus—GREWIA L.
GREWIA MALLOTOPHYLLA sp. nov.
Pl. 3, fig. 7
This species is based on a single specimen.

Description—Leaf simple, incomplete, apical and mar-
ginal parts broken, symmetrical, seemingly ovate to elliptic,
preserved length and width 9.0 x 6.0 cm; apex not preserved:
base probably obtuse margin not clearly discernible; texture
chartaceous: petiole not preserved; venation pinnate,
acrodromous, two strongly developed secondary veins aris-
ing from a single point at the base, secondary veins arising
from midrib at acute angle, about 45°-50°, only two pairs

—

(All photographs are of natural size unless otherwise mentioned)

1. Gynocardia butwalensis sp. nov., Specimen no. BSIP 37680.
2. Gynocardia odorata, showing similarity with fossil leal (C.N.H.,
Howrah Specimen no. 512).

3. Miliusa brochidodroma sp. nov., Specimen no. BSIP 37678.
4. Miliusa roxburghiana, showing similarity with fossil leaf.
5,6, 7. Orophea siwalika sp. nov., Spectmen nos. BSIP 37676-37677a b.
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present in the available part; tertiary veins arising almost at
right angles from midvein as well as from secondary veins,
convex, percurrent, forked, relation to midvein perpendicu-
lar; quaternary veins thin, orthogonal.

Holorype—Specimen no. BSIP 37686.
Locality—Arung Khola (Loc. 7).
Horizon—Au Member.

Age—Upper Miocene.

Discussion—The above features of the fossil leaf are met
with in the leaves of Grewia of Tiliaceae. Among Grewia it
shows resemblance with a number of species, namely Grewia
laevigata, G. tiliaefolia, G. microcos and G. nwmbellata
(C.N.H.. sheet no. 161767). In the venation pattern it is also
comparable to some extent with Mallotus philippense of
Euphorbiaceae. Since the fossil leaf is slightly incomplete and
further morphological details of the apical part are not avail-
able to arrive at definite conclusion as to which of the species
of Grewiaitresembles most. Since it also shows some resem-
blance with the leaves of Mallotus philippense, we prefer to
name it as Grewia mallotophylia sp. nov.,

The above species of Grewia with which the fossil leaf
resembles are generally small trees, distributed in India and
Southeast Asia in the evergreen forests. Mallotus philippense
Muell. is widely distributed in tropical to subtropical regions
of India, Southeast Asia, Australia and China, mostly in ever-
green and moist deciduous forests (Brandis, 1971).

Family—MELIACEAE
Genus—CHISOCHETON BJ.
CHISOCHETON ELLIPTICUS sp. nov.
Pl. 3, figs 1-4s
This species is represented by 4 specimens.

Descriprion—Leaves simple, symmetrical, narrow ellip-
tic to very narrow elliptic, preserved length of bigger leaf 11.2
cm and width 3.0 cm: apex broken; base acute to slightly
inequilateral; margin entire: texture subcoriaceous; petiole not
preserved; venation pinnate, eucamptodromous, primary vein
prominent, stout, straight; secondary veins 12 pairs visible,
angles of divergence about 70°-80°, almost uniform, alier-
nate to sub-opposite, moderate in thickness, unbranched, uni-
formly curving upward and joining with superadjacent sec-
ondaries forming marginal loop; intersecondary veins many,

d PLATE 2

arising at right angle, straight, simple; tertiary veins present,
angle of origin RO, percurrent to random reticulate, relation
with midvein oblique.

Holotype—Specimen no. BSIP 37687,
Pararype—Specimen no. BSIP 37688.
Localiry—Tinau Khola near Butwal (Loc. 3).
Horizon—Au Member.

Age—Upper Miocene.

Discrssion—The fossil leaves are characterised by nar-
row elliptic shape with 11-12 secondary veins arising at an
angle of about 80°-85° and numerous intersecondary veins
arising at right angles, running straight and joining with the
tertiary veins. In these features the fossil specimens closely
resemble the leaves of Chisocheton, particularly C. patens
Bl. and to some extent C. divergence BC. of the family
Meliaceae (C.N.H., sheet no. 79990).

Among the known fossil leaves of Meliaceae, no such
leaf has been described so far. Therefore these fossil leaves
are being assigned to a new species, Chisocheton ellipticns.
The specific name indicates the narrow elliptic shape of leaves.

FAMILY—RHAMNACEAE
GENUS—VENTILAGO Gaerthn.
VENTILAGO OVATUS sp. nov.

Pl. 4. fig. |
There is a single specimen representing the species.

Description—Leaf simple, symmetrical, narrow ovaic,
preserved length and width 9.5 x 4.2 cm; apex acute: base
seemingly obtuse; margin entire or serrate, serration not dis-
cernible; texture subcoriaceous; petiole missing; venation pin-
nate, eucamptodromous, primary vein moderately thick,
straight; secondary veins 6 pairs, alternate, angle of diver-
gence 45°-60°, upper secondaries more acute; intersecondaries
not visible: tertiary veins not clearly seen.

Holotype—Specimen no. BSIP 37689.

Locality—Mahendra Highway between Barghat and
Dumkibas.

Horizon—Bl Member.

Age—Upper Miocene.

{All photographs are of natural size unless otherwise mentioned)

] Hopea siwalika Antal & Awasthi, Specimen no. BSIP 37685.
Hopea wightiana, showing similarity in shape and venation pattern
with fossil leaf.

3. Shorea miocenica sp. nov, Specimen no. BSIP 37686.

[R5]

4, 5. Shorea nepalensis sp. nov. Specimen no. BSIP 37683, 37684.
6, 7. Shorea lameltosa and Shorea leprosula, showing similarity with fos-
sil leaves.
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Discussion—Although the tertiary veins and further de-
tails of venation pattern are not clearly visible due to bad pres-
ervation, in its shape, size and number of secondary veins and
their angle of divergence, the fossil leaf appears very similar
to the leaves produced by Ventilago calyculata of the family
Rhamnaceae.

There is no record of fossil leaves comparable to
Ventilago, therefore, present fossil specimen is named
Ventilago ovatus sp. nov., the specific name signifies ovate
shape of the leaf.

Ventilago calyculara Tul. is found in the sub-Himalayan
tract from Jamura eastward, Nepal, Bihar, Central Assam and
Myanmar in evergreen to moist deciduous forests.

Family—ANACARDIACEAE
Genus—SWINTONIA Griff,
SWINTONIA BUTWALENSIS sp. nov.
Pl. 4, figs 3, 6

The species is based on a leaf impression and a seed col-
lected from the same locality.

Description—Leaf simple, symmetrical, narrow elliptic,
11.5 ¢cm in length and 4.3 cm in width: apex broken; base
normal. acute; margin entire; texture coriaceous; petiole not
preserved; venation pinnate, simple, eucamptodromous; pri-
mary vein prominent, stout, markedly curved, secondary veins
12 pairs, alternate to opposite and sub-opposite, angle of di-
vergence 60°-80°, upper secondaries more acute than the lower,
moderately thick, course curved, uniformly forming marginal
loop with superadjacent secondary veins through cross veins,
intersecondary veins present, 1-2, simple; tertiary veins
present, angle of origin AQ, percurrent to random reticulate,
further details not seen.

Fruit—(Pl. 4, fig. 6) represented by a prominent wing,
seemingly drupe, subtended by enlarged petal, about 2.0 cm,
with longitudinally fine nerves. irregularly intersected by
prominent cross lines.

Holorype—Specimen no. BSIP 37690a, b.
Locality—Tinau Khola, near Butwal, Nepal.
Horizon—Arung Khola Formation.
Age—Middle Miocene.

Discussion - In its shape, size, venation pattern and tex-
ture, the fossil leaf is comparable to those of Swintonia and

»

Mangifera of the family Anacardiaceae. Critical examination
of the venation pattern and other morphological details re-
vealed that the fossil leaf is closer to Swinfonia compare to
Mangifera. The secondary veins in fossil leaf are mostly op-
posite to sub-cpposite which may be considered as a charac-
teristic feature of the leaves of Swintonia schenckii as well of
S. floribunda. However, in the nature and course of tertiary
veins it is more closer to S. schenckii (Pl. 4 fig. 4). Thus it
combines the characters of leaves of both the extant species
of Swintonia. The fruit is also closely comparable to those of
S. floribunda and S. schenckii.

As far as the authors are aware there is only a single record
of fossil leaf of Swintonia, Swintonia miocenica, described
by Awasthi & Prasad (1990) from the Siwalik sediments of
Surai Khola area, Nepal. Although this fossi) leaf is shown to
resemble that of S. floribunda, the same species with which
the present fossii leaf is also comparable, the latter s some-
what different in the nature and course of the tertiary veins
and in other minor characters. Therefore, the present fossil
leaf is assigned to a new species, Swintonia butwalensis.

Swintonia schenckii T. et B. frequently occurs in the tropi-
cal forest of Martaban down to Tenasserim in Myanmar. S.
Sloribunda is found in Chittagong and also in Myanmar. It is
common in Tenasserim.

Family—RUBIACEAE
Genus—MITRAGYNA Korth.
MITRAGYNA TERTIARA sp. nov.
PL. 6, fig. 5
This species is based on a single specimen.

Description—Leaf simple, symmetrical, narrow obovate,
9.0cmin length and 4.5 cm in width, apex broken, seemingly
obtuse; base obtuse; margin entire; texture chartaceous; peti-
ole not preserved; venation pinnate, eucamptodromous: pri-
mary vein prominent, moderate in thickness, straight; second-
ary veins 9 pairs visible, might have been | or 2:more in the
apical portion, angle of divergence acute 30°-40°. alternate to
sub-opposite, running almost straight or slightly recurved been
moderate in thickness; intersecondary veins not visible; terti-
ary veins thin, angle of origin seemingly AA to RR.

Holotype—Specimen no. BSIP 37691.
Locality—Tinau Khola, near Butwal, Nepal (Loc. 3).
Horizon—Au Member.

Age—Upper Miocene.

PLATE 3

(All photographs are of natural size unless otherwise mentioned)

1-4. Chisocheton ellipricus sp. nov. Specimen no. BSIP 37687, 376884, b. c.
5. 6.Chisocheton parens Bl., showing similarity with fossi! leaves.
7. Grewia mallotophyila sp. nov. Specimen no. BSIP 37686.

8. Grewia umbellata (CN.H. Sheet no. 161767) showing resemblance
with fossil leaf.
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Discussion—1In shape, size, number and angle of diver-
gence of secondary veins and their course, the fossil leaf ap-
pears very similar to the medium-sized leaves of Mirragyna
parvifolia belonging to the family Rubiaceae. In this context
itmay be mentioned that the leaves of this species vary in size
from small to large, i.c., they are about 2.0-18.0 cm in length
and 2.0-10.0 cm in width, without much noticeable difference
in the venation pattern.

As far as the authors are aware there is no record of fos-
sil leaves of Mirragyna. The fossil leaf is therefore placed
under a new species, Mitragyna tertiara.

The genus Mirragyna Korth. consists of 12 species, dis-
tributed in tropical Africa and Asia (Willis, 1977), Mitragyna
parvifolia Korth. with which the fossil leaf resembles is a large
deciduous tree, often irregularly shaped and butteressed. It is
found in the foot-hills of North-West Himalaya from the Beas
eastwards, ascending to 1,300 m, Bihar, central India and
Myanmar, common in both peninsulas, often gregarious, par-
ticularly in moist places (Brandis, 1971).

Genus — MUSSAENDOPSIS Baill.
MUSSAENDOPSIS SUBORBICULATUS sp. nov.
PL. 5, figs 1,2

This species is represented by two specimens.

Description—Leaves simple, symmetrical, seemingly
wide elliptic to suborbicular, about 14 cmin length and 10 cm
in width; apex obtuse or mucronate; base broken; margin en-
tire;, texture coriaceous, petiole broken; venation pinnate,
eucamptodromous; primary vein thicker, straight; secondary
veins 6-7 pairs visible, alternate, angle of divergence of lower
secondaries 60° and upper pairs 45°-50°, moderately thick,
uniformly curving up towards margin, unbranched; 1 to 3,
intersecondary veins visible in the apical parts angle of origin
of tertiary veins AA to AO, seemingly percurrent, simple,
unbranched, relation with midvein oblique, higher order of
venation not discernible.

Holorype—Specimen no. BSIP 37692,
Paratype—Specimen no. BSIP 37693,

Locality—Mahendra Highway between Barghat and
Dumkibas, Nepal (Loc. 4).

Horizon—BI1 Member.

Age—Upper Miocene.

Discussion—Wide elliptic to suborbiculate shape with
coriaceous texture and 6-7 secondary eucamptodromous veings
are the characteristic features of the fossil leaves, which sug-
gest their affinity with those of Mussaendopsis of the family
Rubiaceae. Mussaendopsis baccariana Baill., the only spe-
cies available for comparative study, shows close resemblance
with our fossil leaves. The only difference between the two is
that the fossil leaves are slightly smaller and less orbicular.
This could be due to variation which is commonly observed
among the leaves of the same species.

Because of their resemblance with the leaves of
Mussaendopsis, the fossil leaves are assigned to it and named
Mussaendopsis suborbiculatus sp. nov. The specific name
denotes the sub-orbiculate shape of the leaves.

The genus Mussaendopsis Baill. consists of only two
species, distributed in west Malaysia (Willis, 1976). M.
baccariana Baill. is a big glabrous tree occurring in the ever-
green forest in Malaysia, Borneo and Sumatra (Rindley, 1923).

Family — ALANGIACEAE
Genus — ALANGIUM Lam.
ALANGIUM NEPALENSIS sp. nov.
Pl 6, fig. |

There are two specimens representing this species, the
one is more or less complete except the apical portion.

Description—L eaf simple, pinnate asymmetrical, seem-
ingly narrow elliptic, preserved length about 10.0 cm in length
and 4.0 cm in width; apex broken; base inequilateral, one side
slightly bigger; margin entire; texture chartaceous to sub-
coriaceous; petiole small; venation pinnate, seemingly
brochidodromous, primary vein prominent, moderate in thick-
ness, straight; secondary veins 5 pairs visible, basal pair aris-
ing alternately just above the petiolar point and each running
upward up to 2/3 of lamina leaving a distance of 5 mm from
the margin, angle of divergence 45°-60°, moderately thick,
curving upward and joining superadjacent secondary veins
forming marginal loop; intersecondary veins well developed,
many, simple, arising at right angles from midvein, running
straight or slightly zig-zag towards right and joining tertiary
veins arising from the secondaries, angle of origin of tertiary
veins and intersecondary veins AO to RO, percurrent. straight
to forked, relation to midvein oblique, unbranched: quater-
nary veins thin, randomly oriented to orthogonal. marginal
ultimate veins looped.

PLATE 4

(All photographs are of natural size unless otherwise mentioned)

Ventilago ovatus sp. nov. Specimen no. BSIP 37689.

Ventilago calyculara Tulasue, showing similarity with fossil leaf.
Swintonta bunvalensis sp. nov. Specimen no. BSIP 37690a.
Swintonia schenckii to show general similarity with fossit leaf.

£ —

e
5. Swintonia floribunda to show general similarity with fossil leaf.
6. A part of fossil fruit resembling that of Schenckii x 4. sp. nov. Speci-

men no. BSIP 37690b.
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Holotype—Specimen no. BSIP 37694.
Localiry—Tinau Khola. near Butwal, Nepal (Loc. 2).
Horizon—BI] Member.

Age—Upper Miocene.

Discussion—The most important character of the fossil
leaves is that the venation is brochidodromous, two pairs of
secondary veins arising at the base alternately and running
upward up to 2/3 lamina, leaving a distance of about 5 mm
from margin and joining with those of tertiary veins given off
by upper pairs of secondary veins and forming prominent loop.
Besides, marginal loop is also formed by the tertiary veins
given off by the two secondary veins in the 2/3 basal part.
There are many intersecondary veins arising from the primary
veins at right angle. Taking all these features into considera-
tion, the fossil leaves show close similarity with those pro-
duced by Alangiwm in general and A. salvifolium var.
hexapetalum (Pascal & Ramesh, 1987; p. 71, p. I, fig. 1) in
particular.

Since our fossil leaves are different from the known spe-
cies, they are being placed under a new species, Alangium
nepalensis. The specific name indicates its occurrence in Ne-
pal.

Alangium salvifolium is a small tree found in the sub-
Himalayan tract of Uttar Pradesh and Gangetic plains, central
India and western peninsula (Brandis, 1971).

Family — EUPHORBIACEAE
Genus — HOMONOIA Lour.
HOMONOIA LANCEOLATA sp. nov.
Pl. 6, figs 2.3
Homonoia cf. H. riparia auct. non Lour., Prasad 1994,
There are five specimens representing the species.

Description—Leaves simple, symmetrical, linear to lan-
ceolate, the complete one smaller, measuring 7.0 x 0.8 cm in
length and width; the incomplete one bigger, about 9.2 x 1.5
cm; apex acute; base acute; margin entire, slightly upturned;
lexture sub-coriaceous; petiole seemingly short: venation pin-
nate, eucamptodromous: primary vein prominent, massive in
thickness, gently decreasing towards apex, straight; second-
ary veins numerous, alternate to sub-opposite, angle of diver-
gence about 45°-60° fine, uniformly curving upward forming
marginal loop with superadjacent secondary veins through
cross veins; intersecondary veins present, 1-2; tertiary veins

.

present, angle of origin seemingly AO, reticulate pattern, fur-
ther details not seen.

Holotype—Specimen no. BSIP 37695.
BSIP Museum no. 37696.

Paratype
Localiry—Tinau Khola, near Butwal, Nepal (Loc. 3).
Horizon—Au Member.
Age—Upper Miocene.

Discussion—The most important character of fossil
leaves is that they are linear to lanceolate in shape and
eucamptodromous in venation pattern with numerous second-
ary veins. Leaves having such characters are met with in the
genus Homonoia of Euphorbiaceae. From a careful examina-
tion of the leaves of Homonoia it was found that there is close
similarity between fossil leaves and those of H. riparia Lour.
Hence the fossil leaves are placed under the genus Homonoia
and named H. lanceolata sp. nov. Regarding fossil record of
Homonoia (Prasad, 1994) reported a leaf as Homonoia ct. H.
riparia Lour. from Middle Siwalik sediments near Hardwar,
India. This fossil leaf is not different from ours. Therefore it
is also being placed under H. lanceolara.

Homonoia riparia Lour. is an evergreen gregarious shrub
in the rocky and stony river beds and is distributed in the foot-
hills of Sikkim, Assam, Khasi Hills, Upper and Lower
Myanmar, Bihar, central India, western peninsular India, Sri
Lanka, Matay Peninsula and Archipelago and China (Brandis,
1971).

Family — MORACEAE
Genus — FICUS Linn.
FICUS MIOCENICUS sp. nov.
Pl. 6, fig. 7
This species is based on one specimen.

Description—Leaf simple, symmetrical, elliptic, 14.5 x
7.7 cmin length and width; apex obtuse; base obtuse. margin
entire; texture coriaceous; petiolar portion missing; venation
pinnate, eucamptodromus; primary vein prominent, massive
at the base and gradually turning 1o moderate towards apex,
straight: secondary veins 7-8 pairs. alternate, angle of diver-
gence about 45° a pair of basal secondaries arising from a
single point (opposite) and running straight and forming mar-
ginal loop with superadjacent secondary veins through cross
veins; tertiary veins occasionally visible, angle of origin seem-
ingly OA, weakly percurrent, further details not visible.

PLATE 5
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(All photographs are of natural size unless otherwise mentioned)

1. 2. Mussaendopsis sub-orbiculaties sp. nov. Specimen no. BSIP 37692-
93.

3, 4. Mussaendopsis baccariana Baill. (CNH Sheet no. 198620) showing
general similarity with the lossil leal.
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Holotype—Specimen no. BSIP 37697.

Locality—Mahendra Highway between Barghat and
Dumkibas, Nepal (Loc. 4).

Horizon—BIl Member.
Age—Upper Miocene.

Discussion—In its shape, size, texture and secondary
venation pattern, the fossil leaf shows resemblance with those
of Ficus bengalensis Linn., F. tomentosa Roxb. and F. cal-
losa Willd. Since the tertiary and quaternary venation pattern
is not clearly discernible, it is rather difficult from a solitary
specimen to suggest which of these species could be the near-
est modern equivalent of the fossil. However, from its shape,
size and venation pattern the possibility of its being closer to
Ficus bengalensis cannot be ruled out.

Although there are a number of fossil leaves assigned to
the genus Ficus from the Indian Tertiary sediments (see Antal
& Awasthi, 1993), the present fossil leaf being typically.a Ficus
- like, differs from all the known species in their shape, size
and venation pattern. Therefore, it is described as a new spe-
cies of Ficus, Ficus miocenica, the specific name indicates
Miocene age of the fossil leaf.

Ficus bengalensis Linn. is a large tree, indigenous in the
sub-Himalayan Tract and western peninsula, commonly
planted in the forest of the Western Coast and Ghats from
Konkan southward. In Travancore, it is common up to 1,000
m, and also occurs in Andamans, Myanmar, Sri Lanka, cen-
tral India, western peninsula, Bihar and Chota Nagpur
(Brandis, 1971).

GENERAL DISCUSSION
Floristic Composition, Palaeoecology and
Phytogeography—

Outof alarge number of fossil leaves studied from Arung
Khola and Binai Khola formations of the Siwalik (Churia)
Group, west central Nepal, 22 species of angiosperms belong-
ing to 21 genera of 16 families have been identified (Table I).
Of these the genera Orophea, Gynocardia, Ventilago,
Mussaendopsis, Miliusa, Chisocheton and Mitragyna are new
to the Siwalik (Churia) flora. The floral assemblage shows
overall dominance of Dipterocarpaceae with three genera, viz.,
Dipterocarpus, Shorea and Hopea, already identified from
this area. The other genera of the assemblage which are also
known from other localities of Siwalik (Churia) of India and

>

Nepal include Calophyllum, Grewia, Ziziphus, Swintonia,
Bauhinia, Cinnamomum, Homonoia, Bambusa, Clinogyne
(Awasthi, 1992; Awasthi & Prasad, 1990; Prasad & Awasthi,
1996; Antal & Awasthi, 1993; Konomatsu & Awasthi, 1996).
The extant species comparable to the Churia fossils are mostly
distributed in the tropical evergreen to semi-evergreen forests
of Western Ghats, northeast India, Andaman and Nicobar |s-
lands, Myanmar and Malayan region, and a few of them still
continue to occur in the sub-Himalayan tract, mostly in the
valleys and along the river banks (Table 1). From the distribu-
tion pattern of its components, it is evident that the flora of
Arung Khola and Binai Khola formations flourished under
tropical climate with very warm and humid conditions during
the Miocene.

In its composition and the type of forest indicated, the
floral assemblage is not much different from those of other
localities of the Siwalik (Awasthi; 1992: Antal & Awasthi,
1993) although it includes some new tropical evergreen and
moist deciduous taxa, viz., Gynocardia, Orophea, Miliusa,
Chisocheton, Ventilago, Mitragyna and Mussaendopsis. These
genera further strengthen the above palaeoclimatic interpre-
tation of the flora.

From the distribution of modern equivalent species of
fossils in the Indo-Malayan region and the climate they indi-
cate (Table 1) it may be inferred that the physical conditions
controlling the distribution pattern of plant remained nearly
equable throughout the Himalayan frontal zone during laying
down of the Arung Khola and Binai Khola sediments. Owing
to several water bodies, such as lakes, swamps and rivers oc-
cupying vast area in the region, excessive humid condition
seems to have prevailed all along favouring maximum devel-
opment and proliferation of evergreen mesophytic lowland
and tropical vegetation. Further, the climatic conditions be-
came so conducive that the tropical evergreen families, mi-
grated to the Indian subcontinent (Awasthi, 1992; Guleria,
1992). The genus Mussaendopsis of Rubiaceae, Orophea,
Chisocheton patens and Swintonia which have been recov-
ered from Arung Khola and Binai Khola sediments are among
other probable migrants of Southeast Asian origin.

The periodic orogeny of the Himalayan ranges contin-
ued to change the climatic, geomorphologic and ecological
conditions, thus adversely affecting the vegetational dynam-
ics especially of the extra-peninsular region. Consequently,
the tropical conditions started disappearing from all over dur-
ing the upper part of the Middle Siwalik, i.e., Middle Binai
Khola Formation. Evidence to this effect is provided by the
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(All photographs are of natural size unless otherwise mentioned)

Alangium nepalensis sp. nov. Specimen no. BSIP 37694.
. 3. Homonoia lanceolata sp. nov. Specimen no. BSIP 37695-96.
Homonoia riparia Lour. showing similarity with fossil leaves.

20—

5. Miragyna tertiara sp. nov. Specimen no. BSIP 37691.
6. Mitragyna parvifolia showing similarity with fossil leaves.
7. Ficus miocenicus sp. nov. Specimen no. BSIP 37697.
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Table 1—Churia (Siwalik) plant fossils from Tinau-Khola, Binai Khola and Arung Khola, west central Nepal

NAME
OF FORMA- | Name of fossil Family Comparable extant species Distribution of extant Type of forest
TION species J
DEORALI - — — — —
CHITWAN - — — — —
U
Z |p
p | _ — — _
E
- R
= lwm
< 1 — _ — — —
D
= | D
L
| E
o Shorea nepalensis sp. nov. Dipterocarpaceae  Shorea lamellosa, S. leprosula  Malayan region Tropical evergreen
58 L | Hopea siwalika Antal & Awasthi -do- Hopea wightiana Western Ghats Tropical evergreen
Ventilago ovatus sp. nov., Rhuamnaceae Ventilago calveunlata Sub-Himafayan tract Evergreen to moist
o |« und. Myanmar deciduous
*Ziziphus siwalicus Lakhanpal  -do- Ziziphus xylopyrus, Z. incurva  India and Myanmar Tropical semi-
~ 0 evergreen 10 moist
o @) deciduous
T *Bauhinia siwalika Fabaceae Bauhinia spp. Sub-Himalayan tract and Tropical evergrecn
@) Lakhanpal & Awasthi Western Ghats
x4 W = Cinnamomion palacotamala Lauraceae Cinnamonuun tamala Indo-Malayan region Tropical evergrecn
~ Lakhanpal & Awasthi
—_ Mussaendopsis sub- Rubiaceae Mussaendopsis baccariana Malayan region Tropical evergreen
o | < E orbiculaius sp. nov. . to moist deciduous
Alangium nepalensis sp. nov. Alangiaceae Algangium salvifolium Sub-Himalayan tract Tropical evergrecn
Z Lo deciduous
Q — Ficus miocenicus sp. nov. Moraceae Ficus bengalensis, F. tomentosa, Sub-Himalayan tract Tropical cvergreen
m 1o deciduous
- R F callosa Indo-Malayan region Tropical evergreen
Miliusa brochidodroma sp. nov.  Annonaceae Miliusa roxburghiana sub-Himalayan region Tropical evergreen
- U | *Dipterocarpus sivwalicus Dipterocarpaceae  D. tuberculatus, D. nerbinatus  Northeast India Tropical cvergreen
Lakhanpal & Guleria Myanmar, Thailand.
< *Calophvllum sp. Clusiaceae Calophyllum spp. Indo-Malayan region Tropical cvergreen
Grewia mallorophylla sp. nov. Tiliaceac Grewia wmbellata, G. tiliaefolia  Indo-Malayan region Tropical evergreen
= P G. microcos
Chisocheton ellipticus sp. nov. Meliaceae Chisocheron patens Malayan region Tropical evergreen
Swintonia bunvalensis sp. nov. Anacardiaceac Swintonia schenckii Myanmar Tropical evergreen
T =z P S. burmanica
» | © *Bauhinia siwalica Fabaceae Bauhinia spp. Indo-Malayan region Evergreen to moist
< | = Lakhanpal & Awasthi deciduous
—~ E | Miragyna iertiara sp. nov. Rubiaceae Mitragyna parvifolia Sub-Himalayan region  Tropical moist
< | <« deciduous
Homonoia lanceolara sp. nov. Euphorbiaceae Homonoia riparia Sub-Himalayan region  Tropical evegreen
. = *Clinogxne ovatus Muarantaceae Clinogyne grandis Sub-Himalayan region  Tropical moist
& R Awasthi & Prasad deciduous
o
[
e M
1
> |<|D
2 D | Swintonia bunvalensis sp. nov.  Anacardiaceae Swintonia schenckii Myanmar Tropical evergreen
r|o|E
T o . -
“ L Orophea sivvalika sp. nov. Annonaccae, Orophea uniflora Western Ghats, fropical cvergreen
v Andamans. Myanmar
&) 0 | Gynocardia bunwalensis sp. nov.  Flacourtiaceae Gynocardia odorata sub-Himalayan tract. Tropical cvergreen
> Khasi Hills, Myanmar
W | Shorea miocenica sp. nov. Dipterocarpaceae  Shorea sericea Malayan region Tropical everareen
p. no p p Yy 8 p <
- FZiziphus siwalicuns Lakhanpal Rhamnaceae Zizipluts xylopyrus, Z. incurva  India and Myanmar Semi-evergreen to
e E moist deciduous
< R FBambisa sp. Bambusaceuc Bambusa spp. Indo-Malayan region Evergreen to moist
deciduous

Spe

cies marked with (*) reported earlier by Konomatsu & Awasthi (1996)
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flora of Surai Khola succession in west Nepal. In this context,
it may be mentioned here that in Surai Khola area a complete
and uninterrupted sequence of the Siwalik Group, measuring
about 5500 m in thickness. is exposed along Mahendra High-
way between Bankas and Dhan Khola. On the basis of lithol-
ogy Corvinus (1990) informally divided the whole sequence
into five formations, viz., Bankas, Chor Khola, Surai Khola,
Dobatta and Dhan Khola. Of these the first three formations
corresponding to Arung Khola Formation and Lower Binai
Khola Formation of west central Nepal (Tokuoka et /., 1986)
consist of deposits containing rich plant megafossils. The up-
per part of Surai Khola Formation which corresponds to Mid-
dle Binai Khola Formation exhibits significance change in the
floristic composition. The evergreen dipterocarps and their
associates which had been growing luxuriantly during the
Lower and Middle Siwalik (Awasthi & Prasad, 1990; Awasthi,
1992, Awasthi er al., 1994) seem to have disappeared during
the middle part of the Middle Siwalik as none of them has
been found in the beds of the Surai Khola Formation exposed
Jjust before and after Surai Khola bridge. The shift in the floral
composition from wet evergreen and semi-evergreen (0 moist
and dry deciduous habitats cannot be regarded a local phe-
nomenon but seemingly occurred throughout the Himalayan
foot-hills. Obviously it was due to changes in the
geomorphology, temperature and climate caused by further
uplift of the Himalaya and northward movement of the Indian
Plate.
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ABSTRACT

Chandra R, Upadhayay R & Sinha AK 1999. Subduction and collision related magmatism in the
Shyok Suture and eastern Karakoram. Palaecobotanist 48(3) : 183-209.

The Shyok Suture is represented by distinct sets of volcano-plutonic rock assemblages. The high-Mg
tholeiitic basalt and calc-alkaline andesites of the Shyok Volcanics have a subduction zone chemical signa-
tures. The REE data on tholeiitic basalt suggest chemical affinity between primitive N-MORB to E-MORB.
The calc-alkaline andesites, however, resembles to transitional nature of basalt between E-MORB to OIB.
The geochemical data and regional tectonic setting suggest a close similarity between the Shyok Volcanics
of northern Ladakh and Chalt Volcanics of Kohistan.

The mildly deformed trondhjemite-tonalite-granodiorite of the Tirit Granitoids are composite plutons
located south of the Shyok Suture melange. These granitoids are subalkaline. I-type and represented by
volcanic arc chemical signatures. The regional tectonic setting. the nature of occurrence and the composi-
tion of Tirit Granitoids are similar to the plutonic suites of northern Kohistan (Gindai. Mawum Das and
Nomal plutons).

The eastern Karakoram Batholith is dominated by quartz monzonite-tonalite-granodiorite and granite.
The subalkaline to calc-alkaline Karakoram Batholith is constituted by both I-and S-type granitoids with
volcanic arc and syn-collision chemical signatures. REE data suggest that the 1-type granitoids of eastern
Karakoram are calc-alkaline magmatism of a subduction zone environment. In contrast, most of the S-type
granitoids are crust-derived peratluminous granitoids. New Rb/Sr isotopic whole rock age data indicates that
a S-type intrusive phase was active in the eastern Karakoram region during 83+9 Ma. The syn-collision
nature of these granitoids are similar to those of north Sost pluton and Karambar pluton of northern Kohistan.
This indicates that the collision between Kohistan-Ladakh arc and Karakoram block was active during 83+9
Ma.

Key-words—Subduction, Collision, Magmatism, Shyok Suture, Karakoram, India.
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INTRODUCTION

he sequence of magmatic events as envisaged by the

Indus Suture in Ladakh is believed to have started with a
northward-directed intra-oceanic subduction of the Neo-
Tethyan oceanic lithosphere in the Late Jurassic and Creta-
ceous (Honegger er al.. 1982). The Neo-Tethyan ocean prob-
ably closed along the Indus Suture around 50-60 Ma (Beck et
al., 1995; Sinha & Upadhyay, 1997; Upadhyay & Sinha, 1998).

The Ladakh block is in an intermediate position between
the Indian Plate in the south and the Karakoram-Tibetan Plate
in the north (Text-figure 1). To the west it is separated from
the Kohistan arc by the Nanga Parbat syntaxis, to the east it is
cut off from the Lhasa block by the Karakoram fault
(Text-figures I, 2). In the Ladakh block two important tec-
tonic structures have been recognised and described by Gansser
(1977) as the southern Indus Suture Zone (ISZ) and the north-
ern Shyok Suture Zone (SSZ) (Northern Suture in Pakistan)
(Text-figure 1). Located between the two sutures is the Trans-
Himalayan Ladakh Batholith with mainly Cretaceous and Ter-

tiary calc-alkaline intrusives which is subdivided from west
to east into the Kohistan arc. the Ladakh magmatic arc and
the Gangdese pluton of southeim Tibet. The basaltic to andesitic
Dras volcanics follow the Indus Suture and represent an is-
land arc, which was active between the Late Jurassic and the
Late Cretaceous (Honegger et af., 1982; Dietrich et al., 1983;
Sharma, 1990). The Ladakh Batholith is unconformably
overlain along its southern boundary by the molassic Indus
Group of Miocene-Pliocene age.

The arc-batholith growth in Ladakh is discussed in terms
of the Dras arc on the south side of the Ladakh Batholith
(Schorer er al., 1980; Dietrich et al., 1983: Sharma. 1990)
whereas in Kohistan it is related to the Chalt island arc
volcanics which are on the north side of the batholith
(Tahirkheli er al., 1979; Coward et al., 1986). Recently. it has
been suggested that the Kohistan island arc was inttiated off-
shore of Asia during the middle-Cretaceous and was sutured
to Asia along the Northern Suture between 100 and 85 Ma
(Petterson & Windley., 1985, 1991; Treloar et al., 1996). So
far very little is known about the subduction and closure of

la. Pandramic view of the Nubra-Shyok rivers confluence near the vil-
lage of Tirit and Sumur. At the confluence point the Tirit Granitoids
and associated rocks belong to Saltoro hills. The background snow
covered peaks belong to the Ladakh Batholith, the foreground moun-
Lain belongs 1o Shyok Volcanics and Saltoro Formation as scen ncar
the village of Diskit in Text-figure 2. View looking towards south-
wesl.

PLATE 1
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Ib.  Outcrops of Shyok Volcanics as scen near the village of Diskit. View
looking towards southwest.

Te.  Panoramic view of the Nubra river valley showing the tectonoc juxti-
position of Shyok Ophiolitic Melange and Karakoram Batholith. View
looking towards northeast as seen from the village of Charasa in Text-
figure 2.
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Text-figure 1-General tectonic map of Pamir, Karakoram, Kohistan and Ladakh showing the location of the Indus and Shyok Sutures together with the
Kohistan and Ladakh arc terranes (modified after Gaetani (1997). Shaded box represent the area of study.

the Shyok Suture in northern Ladakh. Earlier, Rai (1982) pre-
sented evidence against subduction along the Shyok Suture.
Brookfield and Reynolds (1981) and Reynolds er al. (1983)
concluded that the Shyok Suture did not close until Miocene
and therefore considered it as younger than the southern In-
dus Suture. However, Thakur and Mishra (1984) suggested
that the Shyok Suture was the relict of a back-arc basin, whereas
Srimal (1986) thought that the Shyok tectonic belt is one among
several blocks that form a composite terrain between the north-
ern margin of the Indian Plate and the southern margin of the
Asian Plate and correlated the Shyok Suture with Jurassic-
Early Cretaceous Bangong-Nujiang Suture in Tibet. Based on
geological information from the poorly known Nubra-Shyok
region it appears that there are major stratigraphic and struc-
tural differences along the Shyok Suture Zone exposed in north-
ern Ladakh and Kohistan (Sinha & Upadhyay, 1997).

This paper deals primarily with the results of a recent
study on the Shyok Suture and adjoining eastern Karakoram
batholith exposed in the Shyok-Nubra valleys in northern
Ladakh, which forms an accretionary complex immediately
north of the Ladakh magmatic arc. We present new field ob-
servations together with regional geology. petrography,
geochemical and geochronological data on magmatism. We
also discuss these data to deduce tectonic setting and tectono-
magmatic evolution of the Shyok Suture and eastern

Karakoram Batholith . An attempt has also been made for
regional correlation of presently investigated area with the geo-
logically better known sections of northern Kohistan.

GEOLOGICAL SETTING

The rocks of the SSZ, trending northwest-southeast (Text-
figures., 2, 3) across the Nubra-Shyok valleys, occur in a
number of intensely deformed tectonic slices between the
Ladakh Batholith to the southwest and Karakoram Batholith
to the northeast (Text-figures 2,3, Plate | a, ¢). These tec-
tonic slices comprise a variety of sedimentary, volcanic and
plutonic rocks hence referred an accretionary complex (Sinha
& Upadhyay, 1997). To the south, the lowermost imbricate of
the Shyok Suture is built up by Late Jurassic to Early-middle
Cretaceous Saltoro Formation (Upadhyay et al.. 1999). The
Saltoro Formation is in tectonic contact along a steeply dip-
ping thrust with the calc-alkaline volcanics and volcanoclastics
of Khardung Formation of the ISZ (Text-figures 3. 4). The
tectonic contact between Shyok Ophiolitic Melange and
Karakoram Batholith mark the northern limit of the Shyok
Suture (Text-figures 2. 3, 4, Plate 1¢). Geological account of
Shyok Suture has recently been given and discussed elsewhere
(Rai, 1991; Upadhyay et «l., 1999). Apart {rom other rock
types the Shyok Suture is represented by a variety of different
sets of volcano-plutonic rock assemblages. For the purpose
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Text-figure 2-Geological map of the Shyok Suture Zone and eastern Karakoram in the Nubra-Shyok valley. northern Ludakh, India.

of present study, the occurrences of several Volcano-plutonic
bodies have been grouped and discussed as: |. Shyok
Volcanics; 2. Tirit Granitoids; 3. Karakoram Batholith.

Shyok Volcanics

Under the heading of Shyok Volcanics we describe dif-
ferent occurrences of volcanics in the Nubra-Shyok valleys of

which we do not know their original palaecogeographic
position (Plate la, b). Sporadic outcrops occur below the
Saltoro Formation (Upadhyay er al., 1999) near Shukur (Text-
figure 2). Southeast of Diskit the Saltoro Formation is
tectonically overlain along a steeply dipping thrust by chlorite
schists, basic volcanics and cherts of the Shyok Volcanics
(Text-figures 2, 3). West of the Karakoram Fault they also
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Text-figure 3-Geological cross-section along line A-B on Text-figure 2.

occur tectonically sandwiched between the underlying Saltoro
Molasse and Ophiolitic Melange, above. East of the
Karakoram Fault, they crop out between the villages of
Panamik and Tirit and near confluence of the Nubra-Shyok
rivers (Plate 1a). Rai (1991) estimated that they are up to 4
km thick. consisting of a heterogeneous sequence of basalts
and andesites with ignimbrites. Individual flows could not be
traced across the inaccessible outcrops. At several places, the
Shyok Volcanics are intruded by granodiorite, tonalite to
gabbrodiorite plutonic bodies known as Tirit Granitoids (Text-
figures 2, 3, 4).

Compositionally, the Shyok Volcanics range from basalt,
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basaltic andesite to andesite. The basaltic rocks exposed near
the village of Shukur and Sati bridge are fine-to medium-
grained, massive and highly fractured, with rare vesicles. These
rocks are essentiatly made up of plagioclase, hornblende and
augite whereas olivine is present in accessory amount.
Plagioclase and augite occurs as minute radiating laths and
showing sub-ophitic texture. The basaltic andesites exposed
near the village of Trisha and Tegar are medium-grained.
agglomeratic and ophitic in texture; vesicles are well devel-
oped and vary from a few mm to | cm in diameter, which are
filled with calcite, zeolite and chlorite. The basaltic andesites
are strongly epidotised. These rocks are also cut by hydro-

Sw

Saltoro Thrust
Ladakh
Granite

NN
\cuR@5&>

T \"\

Khardung
Formation /Back
Arc Complex o~
Shyok Volcanics

Formation

——

—

0 10 Km

—_—

> Approx. Scale

Ophiolitic
Helange6

Shyok
Valcanics

Text-figure +-Field skeich cross-section across the Shyok Suture Zone near the village of Khalsar.
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thermal veins rich in sulphide mineralisation, mainly
chalcopyrite and flaky hematite. These rocks are made up of
plagioclase, hornblende, biotite and quartz. Sphene, zircon.
epidote and chlorite present as secondary minerals. The
twinned plagioclase crystals are intensively altered. The
pyroxene and hornblende is also present in the fine-grained
groundmass which is dominated by plagioclase microlites. The
hornblende crystals show two distinct sets of cleavage. Flakes
of biotite represent characteristic diachroism from light brown
to deep brown. Black iron ore, opaques and chlorite are also
present. The andesites show well developed laths of
plagioclase phenocrysts showing porphyritic texture.
Plagioclase laths are zoned, clouded, twinned and are embed-
ded in fine—grained, epidotized groundmass. Augite occurs
as prismatic crystals. The groundmass is composed of micro-
phenocrysts and microlites of augite and plagioclase. Horn-
blende show typical bluish-green colour and exhibiting sim-
ple twinning.

Geochemistry of Shyok Volcanics

A total of 43 samples of Shyok Volcanics were analyzed
and are presented in Table 1. Major, trace and rare earth ele-
ments (REE) were determined by X-ray fluorescence
spectrometry (Siemens SRS 3000) and inductively coupled
plasma-atomic emission spectrometry (Jobin Yvon JY-70 plus)
at the Geochemical Laboratory of the Wadia Institute of
Himalayan Geology, Dehradun. International rock geo-stand-
ards BHVO-1, MBH and DGH were used for calibration.
Major elements have been used to determine the CIPW norms.

The Shyok Volcanics show a wide variation in their
geochemical ranges. On the basis of sampling from different
localities, the analysed samples have been classified and dis-
cussed as volcanic rocks from Shukur village, Tegar village
and Sati bridge. According to chemical classification proposed
by Peccerillo and Taylor (1976), Winchester and Flyod (1977)
and Cox et al. (1979) the Shyok Volcanics ranges from basalts,

Na20 + K20 {wt %)
(-]

% 40 44 48 52 56 60 64 68 72 76 BO 84
Si02 (w1 %)

Text-figure 5-Nu,0 + K,O versus Si0, chemical classificaton diagram for

Shyok Volcunics (plotied on the diagram after Cox ez al., 1979). B = basalt;

BA = basaltic andesite: A = andesite: D = dacite; TB = wrachy basalt; BTA =

hasaltic trachy andesite: TA = trachy andesite. Filled rhombus = Shukur

olcanics; cross = Tegur Volcanics: filled triangles = Sati bridge volcanics.

basaltic - andesite to andesites. The total alkali silica
(TAS) (Na,0 + K,0 % versus SiO,%) chemical classification
scheme (Cox er al., 1979) show that the Shyok Volcanics are
basalt, trachy-basalt, basaltic-andesite, basaltic {rachy-
andesite, andesite, trachy-andesite and dacite (Table 1: Text-
figure 5).

The basalt samples have a range of SiO, content from
47.16 to 52.57%. Similarly basaltic-andesite with 52.97 to
57.63 % and andesites 58.07 to 62.1 % (Table 1). The sys-
tematic increase in SiO, from basalt to andesite through ba-
saltic - andesite suggests that no compositional gap seems to
exist between the geochemical characters of Shyok Volcanics
which may represent a common parent magma. All the sam-
ples are characterised by low values of TiO, wt% which ranges
from 0.47 to 1.48%, and comparable with island arc volcanics.
These volcanics are moderately enriched in ALO, (13.96 to
17.58%), MgO (4.9 to 12.01%}) and total iron (Fe,0,) (4.15
to [1.27%). It is evident from petrography that rocks of the
Shyok Volcanics have suffered post magmatic secondary al-
terations and therefore have very high values of LOI (Table
1). This suggests that these rocks must have induced the ef-
fect of element mobilization, particularly the alkali elements
which are highly mobile and showing a wide range of their
concentrations. In most samples the Na, O content is gener-
ally higher than K O values and ranges from 0.44 to 5.88%.
The K,O values ranges from 0.01 1o 4.12 %. Some samples
are exceptionally enriched in their soda content (> 4%). This
may be due to spilitization of the volcanic rocks. The trace
element data (Table ) of these volcanics suggest that radio-
active elements, such as Rb, Th and U contents are very low.
These elements are generally associated with continental crust.
The Shyok Volcanics have very low values of Nb (0.1 to 26
ppm), Pb (5 to 24 ppm) and Ga (13 to 22 ppm). The depletion
of Nb is generally associated with calc-alkaline subduction
related magmatism. The Zn, Cu, Ni, Cr are moderately en-
riched in basalts and their concentration decreases toward
andesite samples. All the samples are moderately enriched in
Ba, Ni, Cr and Sr elements. Higher Sr content like 605 ppm
suggest either the fractionation of calc-plagioclase or the hy-
drothermal enrichment.

In major oxide versus MgO% plots (Text-figure 6) the
concentration of SiO,, AL,O,, Na,0 and K,O decreases with
increasing value of MgO%. Whereas, total iron FeZO](I), MnO
and TiO, shows a positive correlation with increasing value
of MgO%. All the samples are depleted in TiO, except for
high Mg volcanics of Shukur village. The total iron and TiO,
variation plots for Shukur village volcanics show a tholeiitic
to transitional tholeiitic/calc-alkaline nature of magma.
The samples from Tegar village and Sati bridge represent
calc-alkaline trend and a positive correlation with MgO%
(Table 1). The A (Na,0 + K,0) - F (FeO") - M (MgO) dia-
gram further confirm the tholeiitic and calc-alkaline charac-
ters for Shyok Volcanics.
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Table 1—Geochemical data for Shyok Volcanics

Locality Shukur village

S.No. SVR59 SV RS5S SV R66 SV R62 SV R63 SV R60 SV R65 SV R64
Rock Type B B B B B B B B
Major Oxides (wt%) ]
Si0, 47.16 47.87 48.27 48.64 49.1 49.16 49.23 52.22
TiO, 1.25 0.56 0.7 0.64 0.69 0.47 0.77 0.78
ALO, 16.12 14.08 14.61 15.49 14.81 14.59 14.77 15.05
FeO(t) 14.31 10.99 11.06 10.84 11.93 9.12 11.81 10.39
MnO 0.16 0.19 0.2 0.22 0.18 0.19 0.2 02
MgO 8.77 10.62 9.44 7.53 8.26 10.11 8.92 10.65
CaO 2.54 8.35 9.14 10.22 8.87 9.59 5.47 4.58
Na,0 1.85 1.66 32 3.131 2.23 1.74 2.5 2.85
KO 1.26 0.74 0.14 0.22 0.95 1.22 0.28 0.41
PO, 0.09 0.07 0.18 0.14 0.12 0.15 0.12 0.15
LOJ 6.43 3.73 3.8 4.6 3.8 37 5.59 3.75
Total 99.94 98.86 100.74 101.671 100.94 100.04 99.66 101.03
Trace Elements (ppm)

Ba n.d 261.6 764.1 195.4 296.8 230.9 154.4 n.d
Cr 156 430 147 126 248 233 86 132
Ni 77 242 24 18 109 57 27 144
Cu 137 109 122 33 148 27 567 1756
Zn 165 102 91 88 104 94 104 103
Ga 19 13 18 16 18 15 17 16
Pb 8 6 11 7 12 47 13 10
Th 1.24 1.32 67 1.6 0.99 3.57 3.15 2.01
Rb 42 28 n.d 10 19 41 14 20
U 0.86 1.06 0.53 0.96 0.55 1.65 0.85 1.05
Sr 90 119 530 810 225 164 556 351
Y 23 15 18 17 19 20 18 19
Zr 83 35 73 76 S8 67 80 69
Nb 5 4 1 1 2 1 1 1
Rare Earth Elements (ppm)

La n.d 5.2 15.6 13.5 17.5 17.3 n.d n.d
Ce n.d 8.2 29.8 21.1 30.9 28.7 n.d nd |
Nd n.d 5.5 15.5 12.1 15.8 143 n.d n.d
Sm n.d 1.81 4.15 322 4,18 3.48 n.d n.d
Eu n.d 0.519 1.01 0.975 1.17 1.06 n.d nd
Gd n.d 1.73 3.66 2.9 3.86 2.89 n.d n.d
Dy n.d 2.01 3.38 2.88 3.48 2.79 n.d n.d
Er n.d 1.3 2.13 1.78 2.04 1.69 n.d n.d
Yb nd 1.2 1.85 1.66 2.01 1.69 n.d n.d
Lu n.d 0.2 0.293 0.252 0.31 0.276 nd n.d
CIPW Norm

q 7.71 - - - - - 4.06 4.58
or 7.45 4.37 0.83 1.3 5.61 7.21 1.65 242
ab 16.65 14.05 27.08 26.49 18.27 14.72 21.35 24.12
an 12.01 28.78 25.09 27.57 27.6 28.4 26.35 21.74
hy 34.15 31.35 9.97 9.45 25.03 23.93 32.92 35.82
mt 5.6 4.29 4.32 4.23 4.67 3.57 4.61 4.06
it 2.37 1.06 1.33 1.22 1.31 0.89 1.46 1.48
ap 0.21 0.16 0.42 0.32 0.28 0.35 0.28 0.35
di - 9.8 15.38 18.02 12.67 14.59 - -
C 7.31 - - - - - 0.7 1.95
ol - 0.45 11.7 7.67 0.22 2.01 - -
ne - - - - - - - -
Plagioclase And3 An67 An48 An5l An59 An66 An55 And7

Contd.
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[Tocality Shukur village Sati bridge

| S.No. SV Ré61 SV Ré67 SV R78 SB R33 SB R34 SB R38 SB R31 SB R37
Rock Type BA BA A B B B B <« B
Major Oxides (wt %)
SiQ, 53.18 54.37 58.54 48.95 49.29 50.75 51.52 52.17
TiO, 0.77 0.93 0.61 0.96 1.11 0.85 1.07 0.97
AIZC-)3 15.24 15.14 16.22 16.49 14.63 15.56 14.62 15.27
Fe(t) 9.59 10.03 5.58 10.01 9.58 8.36 9.12 8.6
MnO 0.16 0.18 0.1 0.15 0.14 0.12 0.13 0.14
MgO 6.77 10.07 5.11 8.3 10.31 8.52 9.66 8.24
CaO 4.78 3.56 5.28 9.55 7.26 6.95 6.72 6.84
Na,O 3.16 3.08 2.72 0.44 3.1 2.95 3.14 343
K,O 0.39 0.05 2.65 5.03 1.17 1.14 1.31 1.92
P,0, 0.12 0.12 0.18 0.27 0.33 0.25 0.28 0.28
LOI 6.34 3.32 4.8 2.3 3.95 4.69 3.26 2.95
Totat 100.5 100.85 101.79 102.45 100.87 100.14 100.83 100.81
Trace Elements (ppm)
Ba 112.6 120.5 n.d n.d n.d 574.3 403.8 502.9
Cr 91 32 164 262 256 164 295 203
Ni 32 20 25 96 120 217 146 81
Cu 28 201 24 6 35 68 66 47
Zn 107 95 81 99 85 76 83 86
Ga 16 16 18 15 16 14 18 17
Pb 12 5 13 11 24 5 135 9
Th 1.41 1.6 3.23 39 4.97 5.8 6.07 4.31
Rb 15 7 88 152 39 53 47 71
U 0.98 0.64 2.54 4.19 1.56 1.9 1.74 2.24
Sr 119 154 220 176 477 5.1 389 380
Y 24 24 13 17 23 24 22 22
Zr 68 87 120 12] 136 124 139 149
Nb 4 4 6 7 7 8 7 8
Rare Earth Elements (ppm)
La n.d 8.89 n.d n.d n.d 18.9 222 18.1
Ce n.d 16.05 n.d n.d n.d 32.8 37.45 32.2
Nd n.d 10.94 n.d n.d n.d 18.3 21.7 17.4
Sm n.d 3.85 n.d nd n.d 4.41 5.04 4.07
| Eu n.d 1.06 n.d n.d n.d 1.33 1.4 1.22
Gd n.d 4.03 n.d n.d n.d 4.08 4.04 3.48
Dy n.d 4.69 n.d n.d n.d 39 348 3.39
Er n.d 2.86 n.d n.d n.d 1.95 1.59 1.69
Yb n.d 2.4 n.d n.d n.d 1.91 1.63 1.61
Lu n.d 0.349 n.d n.d n.d 0.284 0.248 0.237
CIPW Norm
q 9.46 10.02 12.06 - - 0.64 - -
or 2.3 0.3 15.66 29.73 6.91 6.74 7.74 11.35
ab 26.74 25.06 23.03 3.73 26.23 24.96 26.57 29.02
an 22.93 16.88 24.22 28.17 22.55 25.85 21.93 20.6
hy 25.32 33.75 17.38 428 13.82 25.57 23.99 15.97
mt 374 3.91 2.29 3.91 3.74 3.26 3.57 3.36
il 1.46 1.77 1.16 1.82 2.11 1.61 2.03 1.84
ap 0.28 0.28 0.42 0.63 0.76 0.58 0.65 0.65
di - - 0.64 14.06 9.05 5.61 7.66 9.23
C 1.22 3.83 - - - - - -
ol - - - 13.09 11.03 - 2.76 5.21
ne - - - } _ . ) _
Mlase An46 An39 An5l An88 And6 An5l And5 An42

Contd.
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Locality Sati Bridge Tegar village

S.No. SB R36 SB R35 SB R32 SB R39 TV R74 DB R83 SB R82 CH R75
Rock Type B BA BA B B B B BA |
Major Oxides (wt%)

Sio, 52.3 52.57 57.49 50.71 50.71 51.01 51.94 52.97
TiO, 0.64 0.88 0.88 0.84 0.82 1.08 0.92 0.96
AlLO, 15.26 16.98 16.59 15.46 15.48 15.54 17.58 15.55
FeO(1) 8.59 8.64 6.66 8.31 7.6 8.41 6.67 6.96 |
MnO 0.15 0.12 0.09 0.12 0.06 0.11 0.07 0.08
MgO 8.41 7.02 5.77 8.49 12.01 10.59 8.3 9.64
CaO 6.31 7.66 6.13 6.92 3.04 8.32 6.17 2.98
Na,O 3.44 1.31 3.22 2.92 4.39 3.76 3.44 5.13
K, O 1.69 4.12 2 1.14 2.33 0.96 2.59 1.11
PZ_O5 0.27 0.27 0.28 0.25 0.16 0.26 0.23 0.19 |
LOI 2.89 1.99 2.05 4.97 32 2.78 3.78 4.7 |
Total 99.95 101.56 101.16 100.13 99.8 102.82 101.69 100.27 |
Trace EKlements (ppm)

Ba n.d n.d n.d 176 313.7 n.d n.d n.d
Cr 209 215 155 161 159 254 146 170
Ni 84 72 34 43 124 131 58 122
Cu 10 5 3 5 13 5 6 78
Zn 99 71 58 41 27 34 31 47 |
Ga 19 16 17 18 19 21 18 18
Pb 7 9 7 11 10 7 5 13
Th 5.15 6.52 10.23 3.64 4.45 4.04 3.02 4.04
Rb 62 132 67 49 58 19 67 26
§) 2.08 3.5 2.13 1.86 1.97 1.14 2.19 1.61
Sr 248 159 402 240 339 477 320 260
Y 22 17 21 20 18 21 20 17
Zr 154 142 184 160 182 142 148 191
Nb 8 7 9 6 6 7 7 5
Rare Earth Elements (ppm)

La n.d n.d n.d n.d 15.7 n.d n.d n.d
Ce n.d n.d n.d n.d 32.6 n.d n.d n.d
Nd n.d n.d nd n.d 16 n.d n.d n.d
Sm n.d n.d n.d n.d 443 n.d n.d n.d
Eu nd nd n.d n.d 0.848 n.d n.d n.d
Gd n.d n.d n.d n.d 3.67 n.d n.d n.d
Dy n.d n.d n.d n.d 3.27 n.d n.d n.d
Er n.d n.d n.d n.d 1.95 n.d n.d n.d
Yb n.d n.d n.d n.d 1.36 n.d n.d n.d
Lu n.d n.d n.d n.d 0.206 n.d n.d n.d
CIPW Norm

q - 1.48 8.56 0.9 - - - -
or 9.99 24.35 11.82 6.74 13.77 5.67 15.31 6.56
ab 29.11 11.08 27.25 24.71 36.75 31.82 29.11 43.4]
an 21.21 28.29 2491 25.71 14.04 22.69 24.88 13.54
hy 21.57 21.65 18.21 25.47 - 2.74 8.91 16.13
mt 3.35 3.38 2.6 3.25 2.9 3.29 2.61 2.71

il 1.79 1.67 1.67 1.6 1.56 2.05 1.75 1.82
ap 0.63 0.63 0.65 0.58 0.37 0.6 0.53 0.44
di , 6.68 6.41 2.95 5.6 - 13.5 3.37 -
C - - - - 0.59 - - 0.95
ol 241 - - - 25.8 [7.11 10.96 9.48
ne - - - - 0.22 - - -
Plagioclase An42 An72 An48 An5S1 An28 An4?2 And6 An24

Contd.
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Locality Tegar village T
S.No. DV R84  SB R4l TV R69 SB R40 TV R72 CH R76 TV R68 CHK R81
Rock Type BA BA BA BA BA BA BA * BA
Major Oxides (wt %)
Si0, 52.98 53.38 54.65 54.9 55.27 56.44 56.84 56.97
TiO, 0.96 0.72 0.51 0.47 1.19 1.48 0.85 1.14
ALO, 15.77 13.96 14.18 17.08 15.37 16.18 14.76 16.61
FeO(t) 9.9 7.68 11.27 10.39 9.44 8.59 7.62 6.13
MnO 0.18 0.16 0.12 0.1 0.04 0.1 0.11 0.1t
MgO 7.92 8.5 5.31 4.9 6.58 5.55 7.12 7.16
Ca0 8.94 11.28 5.42 12.07 3.81 7.05 6 6.3
Na,O 221 3.8 4.02 1.37 4.36 3.34 4.53 3.6
K,0 2.29 0.17 0.01 1.01 0.97 1.64 1.18 1.73
PO, 0.2 0.16 0.17 0.2 0.19 0.3 0.15 0.34
LOI 3.35 1.31 4.7 1.25 2.31 2.3 2.7 2.71
Total 104.7 101.12 100.36 103.74 99.53 102.97 101.86 102.8
Trace Elements(ppm)
Ba n.d 266.5 81.06 299.7 187.1 234 n.d 435
Cr 156 234 88 230 188 139 168 209
Ni 30 28 29 29 98 19 46 101.4
Cu 64 57 7 0 35 49 13 20.3
| Zn 112 49 90 15 18 52 37 62.1
Ga 17 15 19 40 19 20 17 18.5
Pb 9 119 10 11 4 6 8 7
'I Th 45 2.44 1.77 1.24 2.54 5.86 0.48 3.9
Rb 84 5 6 31 33 40 60 35
U 2.75 0.9 0.29 1.77 1.37 1.62 2.07 !
St 420 495 114 495 295 503 207 605
Y 26 28 32 30 21 29 24 19
Zr 111 95 151 96 142 190 102 220
Nb 4 6 12 4 4 8 5 14
Rare Earth Elements (ppm)
La n.d n.d 21.1 33.2 16.5 21.8 n.d n.d
Ce n.d n.d 53 52.7 29 398 n.d n.d
Nd n.d n.d 28.9 21.9 18.06 21.1 n.d n.d
Sm n.d n.d 7.69 5.29 4.54 5.44 n.d n.d
Eu n.d n.d 1.19 1.37 1.03 1.65 n.d n.d
Gd n.d n.d 6.65 4.7 3.83 5.04 n.d n.d
Dy n.d n.d 6.36 4.81 35 4.64 n.d nd
Er n.d n.d 3.79 2.39 1.98 2.45 n.d nd
Yb n.d n.d 3.28 2.32 1.36 1.89 n.d n.d
Lu nd n.d 0.482 0.331 0215 0.289 n.d n.d
CIPW Norm
q 0.71 - 8.52 10.64 5.39 7.26 2.71 5.29
or 13.53 1 0.06 5.97 5.73 9.69 6.97 10.22
ab 18.7 32.15 34.02 11.59 36.89 28.26 38.33 30.46
an 26.35 20.53 20.62 37.47 17.66 24.3] 16.46 24.06
hy 21.27 9.81 21.63 13.31 23.78 16.62 19.31 20.29
mt 3.87 3 4.35 4.06 3.68 3.35 2.9 2.39
il 1.82 £.37 0.97 0.89 2.26 2.81 1.61 2.17
ap 0.46 0.37 03.9 0.46 0.44 0.7 0.35 0.79
di 13.46 27.52 4.24 17.32 - 7.02 9.9 3.96
C - - - - 0.68 - - -
ol 13.46 3.48 - - - -
ne - - - - - - - -
ilagioclase An58 An39 An38 An76 An32 And6 An30 And4

Contd.
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Locality Tegar village

S.No. TV R70  SB R30 TV R71 CHK R80 SB R42 SB R29 SB R45
Rock Type BA BA BA A A A A
Major Oxides (wt%)

Si0, 57.4 57.51 57.63 58.07 58.53 6.04 60.37
TiO, 1.07 0.85 1.03 1.03 0.66 0.72 0.68
Algij 14.93 15.93 15.21 16.79 16.26 15.94 15.52
FeO(1) 7.81 8.82 6.87 6.29 5.99 54 4.76
MnO 0.05 0.25 0.05 0.09 0.06 0.1 0.07
MgO 7.14 5.89 7.62 6.33 5.52 5.41 5.13
CaO 7.13 6.02 5 5.67 3.5 5.78 4.92
Na,0 3.1 4.59 3.67 3.14 3.75 5.88 475
K,0 1.35 1.6 1.86 2.73 1.68 1.41 1.93
P,O, 02 0.19 0.2 0.26 0.25 0-.25 0.28
LOI 2.78 2.08 2.5 2.05 4.02 1.91 2.78
Total 102.96 103.73 101.64 102.45 100.22 102.84 101.19
Trace Elements (ppm)

Ba 124.6 230.2 176.9 735 n.d 232.1 n.d
Cr 252 142 188 190 157 182 n.d
Ni 65 25 71 109.6 28 18 30
Cu 7 12 188 18.7 30 5 47
Zn 23 86 25 74.2 39 17 45
Ga 18 19 16 19.2 17 18 18
Pb 9 13 6 5 13 13 9
Th 4.72 6.32 5.44 1.6 7.64 11.97 2.24
Rb 48 75 74 62 77 65 78
U 1.83 2.36 2.28 1.6 2.22 2.15 2.58
Sr 553 328 444 682 285 307 413
Y 23 44 19 20 17 47 25
Zr 129 172 127 189 192 225 [
Nb 6 15 5 11 7 26 4
Rare Earth Elements (ppm)

La 15.8 n.d 9.1 n.d n.d 27.8 n.d
Ce 29.7 n.d 16.5 n.d n.d 54.3 n.d
Nd 159 n.d 9.7 n.d n.d 28.1 n.d
Sm 4.53 n.d 2.84 n.d n.d 7.92 n.d
Eu 1.43 n.d 0.727 n.d n.d 1.16 n.d
Gd 4.3 n.d 2.63 n.d n.d 7.28 n.d
Dy 4.03 n.d 2.94 n.d n.d 8.88 n.d
Er 2.03 n.d 1.63 n.d n.d 5.15 n.d
Yb 1.44 n.d 1.14 n.d n.d 6.08 n.d
Lu 0.194 n.d 0.1496 n.d n.d 0.816 n.d
CIPW Norm

q 8.53 2.26 6.17 6.98 12.86 1.78 6.87
or 7.98 9.46 10.99 16.13 9.93 8.33 11.4]
ab 26.23 38.84 31.05 26.57 31.39 49.76 40.19
an 22.84 18.14 19.54 23.66 15.73 12.94 15.33
hy 19.48 18.34 22.62 19.36 18.65 12.37 15.76
mt 3.04 3.33 2.68 2.45 2.33 2.1 1.86
il 2.03 1.61 1.96 1.96 1.25 1.37 1.29
ap ' 0.46 0.44 0.46 0.6 0.58 0.58 0.65
di 9 8.5 3.16 2.22 - 11.29 5.86
C - - - - 2.46 - -
ol - - - - - - -
ne - - - - - - -
Plagioclase And7 An32 An39 And7 An33 An2| An28

6.85
65
2.22
398
21
169
6

n.d
n.d
n.d
n.d
n.d
n.d
nd
n.d
n.d
n.d

5.5
11.29
38.84

14
10.56
2.51
1.37
0.42
16.89

An27

Cond.
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Eocality Tegar village
S.No. SBR44 TV R73 SV R77
Rock Type A A A
Major Oxides (wt%)
SiO, 60.57 60.72 62.1
TiO, 0.68 0.62 0.52
AlLO, 15.56 14.7 15.64
FeO(1) 5.28 8.29 4.15
MnO 0.09 0.05 0.09
MeO 6.12 5.16 4.86
Ca0O 5.96 3.34 4.64
Na,O 4.85 4.19 4.17
K,O 1.33 1.57 1.35
PO, 0.17 0.15 0.17
LOI 1.45 2.78 32
Total 102.06 101.57 100.89
Trace Elements (ppm)
Ba 483.4 n.d 296.4
Cr 244 130 220
Ni 52 84 37
Cu 5 245 B
Zn 57 22 73
Ga 17 {8 19
Pb 13 8 10
Th 5.96 1.62 8.16
! Rb 42 73 43
U 1.77 2.25 1.57
| Sr 392 300 460
Y 16 17 12
Zr 137 134 129
Nb 5 4 S
| Rare Earth Elements (ppm)
| La 21.7 n.d 19.5
Ce 34.2 n.d 35.6
| Nd 193 n.d 5.1
Sm 4.24 n.d 2.95
| Eu 113 n.d 0.868
Gd 3.12 n.d 2.33
Dy 2.6l n.d 1.77
Er 1.33 n.d 0.673
Yb 1.01 n.d 0.868
Lu 0.169 n.d 0.144
CIPW Norm
q 6.46 12.63 14.85
or 7.86 9.28 7.98
ab 41.04 35.45 35.29
an 16.76 15.59 19.97
hy 15.01 20.07 14.74
mt 2.06 3.23 1.62
il 1.29 1018 0.99
ap 0.39 0.35 0.39
di 9.39 - 1.55
C - 0.39 -
ol - - -
ne - - -
Eﬂgioclase An29 An3l An36

The trace element versus MgO% variation diagram show
consistent correlation between trace elements (Text-figure 7)
except Ba and Sr. The scattering of Sr/CaO is mainly attrib-
uted to post crystallization alteration or metamorphism. A
negative correlation can be seen in Rb, Zr, Ga. Th and U ele-
ments. The concentration of these elements decreases system-
atically with the increasing value of MgO%. A positive core-
lation can also be inferred for Ni versus MgO%. The total
iron and TiO, bivariation plots depicts that there is a
compositional _gap between the high Mg tholeiitic basalt of
Shukur village and low Mg calc-alkaline rocks of Tegar vil-
lage and Sati bridge. Stmilar geochemical gaps are also present
in Ni, Cr, Y and Nb. Hence, it is inferred that these volcanics
are either representing two different magma types or the ef-
fect of secondary alterations.

Nineteen representative samples were analyzed for Rare
Earth Elements (REE) (Table 1). The geochemical resuits are
compared with the Normal Mid Oceanic Ridge Basalt (N -
MORB), Enriched Mid Oceanic Ridge Basalt (E - MORB).
and Oceanic Island Basalt (OIB) (Sun and Mc Donough,
1989). [t is observed that some of the samples are moderately
enriched in all the REE, whereas, few samples show deple-
tion which is similar 1o those found in N- and E-MORB. Sam-
ples from Shukur village (Table I; Text-figure 8) are charac-
terised by depletion in all the REE {(Ce - Yb) = 1.85104.47}.
The samples {rom Tegar village and Sati bridge are moder-
ately enriched in REE. Volcanics of Tegar village show REE
enrichment from 101 -141 x chondrite for Light Rare Earth
Elements (LREE)and 9 - 14 x chondrite for Heavy Rare Earth
Elements (HREE) with low to moderate negative Eu anomaly
(Euw/Eu*=0.46 - 1.02) (Text-figure 9). The chondrite normal-
ized REE pattern of Sati bridge volcanics (Text-figure 10)
suggest that the LREE are comparatively less enriched with
ratio {(La/Sm)_ = 1.7 - 4.3} whereas in Shukur the ratio is
very low {(La/Sm) = 1.4 - 3.2}. The HREE contents are al-
most uniform for all the samples {(Gd/Yb), = 0.99 - 2.5].
The chondrite normalized REE pattern (Text-figure 8) for
Shukur volcanics indicate that these rocks may belong to a
primitive N - MORB to E - MORB. The Tegar village and
Sati bridge volcanics, however, resembles to transitional na-
ture of the basalts between E - MORB 10 OIB (Text-figures 9,
10). No radiometric data are available from the Shyok
Volcanics.

Tirit Granitoids

Several granitic plutons are exposed immediately in the
south of the Shyok Suture (Text-figures 2, 3, 4, Plate [a). We
call these WNW-ESE aligned plutons collectively the Tirit
Granitoids. They consist of mildly deformed medium-to
coarse-grained rocks, subleucocratic to mesocratic. relatively
rich in ferromagnesian minerals and compositionally ranging
from granodiorite-tonalite to gabbrodiorite. At several places
they were intruded by vertical, undeformed, NW-SE trending
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variation diagrams for Shyok Volcanics, Symbols as in Text-figure 5.
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Text-figure 8—Chondrite normalised REE pattern for Shukur volcanics (nor-
malising values and duta for N-MORB, E-MORB and OIB after Sun & Mc
Donough, 1989).

basic dykes that are 0.5-1 m thick. The granitoids are more
basic at their margins than in the core and show hybridization
and chilled margins along the intrusive contacts with the Shyok
Volcanics. Fine-to medium-grained mafic xenoliths with sharp
boundaries are common and range from a few mmto 50 ecm in
diameter. At some places metasedimentary enclaves are also
present.

The Tirit Granitoids consist of plagioclase (oligoclase-
andesine), K-feldspar, quartz and mafic minerals. Plagioclase
laths are euhedral and enclosed within subhedral grains of K-
feldspar and quartz. Most plagioclase crystals contain sec-
ondary sericite and epidote. Hornblende is abundantin diorites.
The granodiorites display graphic intergrowth between quartz
and feldspar, and plagioclase laths exhibit oscillatory zoning.
Biotite is partly altered to green chlorite. The tonalites have
lower K-feldspar and quartz contents than the granodiorites.
Zircon, apatite. opaques and epidote are common accessory
minerals.
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Text-figure 9-Chondrite normalised REE pattern for Tegar volcanics (nor-
malising values and data for N-MORB, E-MORB and OIB after Sun & Mc
Donough, 1989).
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Text-figure 10—Chondrite normalised REE pattern for Sati bridge volcanics
(normalising values and data for N-MORB. E-MORB and OIB after Sun &
Mc Donough, 1989).

Geochemistry of the Tirit Granitoids

A total of 31 samples of Tirit Granitoids were analyzed
and 10 representative examples are presented in Table 2. The
analytical procedures are the same as for the Shyok Volcanics.

The Tirit Granitoids have a wide range of SiO, content
(56.39 to 70.83 wt% , Table 2). The rocks thus raﬁge from
quartz-diorite to tonalite, granodiorite and granitic rocks (Text-
figure 11). The ALO, and CaO contents are generally high
(15.3to 17.08 wt% and 2.48 to 7.07 wt%, respectively). The
high concentration of Al,O, and CaO may be related to the
plagioclase composition that remains relatively calcic even in
silica-rich rocks. In most samples the relative concentration
of Na,O exceeds that of K,O. According to AFM (Na,0+K,O-
FeO*-Mg0O) and QBF dlaorams (Text-figures 12, 13) whexe
Q = {Si/3-(K+Na+2Ca/3)}, B = (Fe+Mg+Ti) and F = {555-
(Q+B)} the Tirit Granitoids reflect at least for their major part
asubalkaline trend intermediate between calcalkaline and al-
kaline.

Major element Harker variation diagrams (Text-figure
14) show a marked decrease in MgO with increasing SiO,
Similar trends are shown by Fe, O, and TiO,. Though a gen-
eral decrease is shown by A1LO,, CaO and P, O the trends are
not well defined. Both maJor alkall oxides (Na O and K,O)
increase with increasing values of SiO,, but the data points
are more scattered. The co-linear, smooth and coherent varia-
tion trends of most major oxides suggest magmatic differen-
tiation. In general. no compositional gap seems to exist among
the Tirit Granitoids. All rocks of this suite appear to be co-
magmatic.

A wide variation of trace elements has been measured
(Table 2, Text-figure 15) particularly in Ba (163 to 629 ppm),
Rb (5 to 158 ppm), Sr (237 to 507 ppm) and Zr (117 to 338
ppm) but also in Ni (3 to 33.2 ppm), Pb (1 to 28 ppm) and Cu
(1 to 57.3 ppm). The granitoids are depleted in Nb (5 to 14
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Table 2—Representative geochemical composition of Tirit granitoids.

199

r

Rock Type mazdq,IV  dq,IV  mzdq, 1V gd, 1V ad,IV mzdq,IV gd, IV gd, IV gd, IV gd, 1V
S. No. R57 R2 R6 R9 R3 R16 R28 R12 R24  RI19
Major Oxides (wt%)
SiO, 56.39 57.16 65.62 66.18 66.59 67.72 68.3 69.04  69.09 70.19
TiO, 1.1 0.68 0.53 0.53 0.53 0.48 0.47 0.4 0.44 0.39
AII()T 16.11 15.88 16.54 16.25 15.96 16.15 16.1 16.13 15.98 15.5
Fe,O,(1) 8.25 7.27 3.93 4.03 3.9 3.59 2.67 2.61 2.6 2.81
MnQO 0.12 0.13 0.04 0.04 0.04 0.05 0.04 0.02 0.03 0.05
MgO 5.85 5.24 1.59 1.52 1.47 1.23 1.12 1.06 1.05 0.83
Ca0O 7.03 7.01 2.97 3.28 2.95 3.33 3.65 2.98 3.52 2.48
Na, O 3.05 3.7 4.36 431 4.04 4.34 4.62 5 4.84 4.17
K,0 2.63 2.13 4.07 3.62 4.11 3.71 3.37 3.6l 342 3.99
PO, 0.31 0.24 0.19 0.21 0.19 0.23 0.21 0.19 0.21 0.17
LOI 0.57 0.04 0.93 0.62 0.86 0.81 0.47 0.41 0.43 0.52
Total 101 .41 100.08  100.77 100.59  100.64 101.64 101.02 101.45 101.61 101.1
Trace Elements (ppm)
Ba 342 358 468 441 524 551 467 570 S13 572
| Ni 18.5 n.d 31 33 33 25 15 19 ) 18
Cu 57.3 n.d 10 27 22 8 6 7 5 6
| Zn 77.9 n.d 0 0 | 2 b.d b.d b.d 6
Ga 16 n.d 17 17 15 16 19 17 15 15
Pb 4 n.d 15.2 1.5 19.5 5.3 8.7 14.5 9 13.4
Th 1.6 n.d 26 30 28 21 17 20 16 19
Rb 117 n.d 158 146 149 125 81 96 76 127
U 0.9 n.d 8.4 7.3 7.8 6.1 3.1 4.3 2.7 6.7
| St 315 n.d 289 294 263 282 309 311 299 237
Y 20 n.d 34 31 31 31 31 27 30 24
Zr 117 n.d 239 219 237 206 211 182 200 173
Nb 6 n.d 8 7 7 6 5 7 6 5
Rare Earth Elements (ppm)
La n.d 29.3 36.8 342 43.6 23 23.8 17.6 21.9 21.5
Ce n.d 37.2 57.1 52.6 64.4 35.1 42 29.8 38 32.8
Nd n.d 15.7 24.1 20.5 25 15.8 19.3 13.3 17.1 14.1
Sm n.d 3.82 5.07 4.65 5.14 4.04 4.87 3.25 4.36 33
Eu n.d 1.15 1.08 0.88 0.99 0.9 1.06 0.76 | 0.78
Gd n.d 3.09 3.68 35 3.7 3.23 3.11 247 2.74 2.43
Dy n.d 2.63 35 32 3.34 3.17 3.44 242 3.12 2.36
Er n.d 1.61 1.96 1.85 1.93 1.74 1.99 1.4 1.79 1.37
Yb n.d 1.73 2 1.87 1.75 1.7 2.2 1.47 1.9 1.4
Lu n.d 0.246 0.281 0.259 0.259 0.237 0.283 0.197 0.25 0.2
CIPW Norm
q 4.94 5.23 15.09 17.24 19.09 18.97 19.5 18.4 194  23.58
or 15.54 12.59 24.05 21.39 24.29 21.93 19.92 2133 20.21 23.58
ab 25.81 31.13 36.89 36.47 34.19 36.72 39.09 42.31 4096 3529
an 22.5 20.43 13.49 14.3 13.28 13.63 13.24 10.91 11.78 11.19
di 8.36 10.33 - 0.49 0.09 1.15 2.86 2.16 3.53 0.22
C - - 0.02 - - - - - - -
hy 17.06 14.33 7.02 6.7 431 5.32 3.33 3.52 2.78 4.28
mt 3.22 2.84 1.54 1.57 5.65 1.39 1.04 1.01 1.01 1.09
il 2.09 1.29 1.01 1.01 1.01 0.91 0.89 0.76 0.84 0.74
ap 0.72 0.56 0.44 0.49 0.44 0.53 0.49 0.44 0.49 0.39
Plagioclase And7 An39 An27 An28 An28 An27 An25 An20 An2?2 An24
i’(_‘NK 0.67 0.74 0.97 0.96 0.97 0.94 0.9 0.92 0.88 0.99

n.d. = not determined
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TRONDHJEMITE GRANITES

Ab

Text-figure 11-An-Ab-Or classification diagram for the Tirit and Karakoram
Granitoids (plotted on the diagram after Q" Connor (1965). Dark triangles
= Tirit Granitoids: open circles=Karakoram granitoids.

ppm) which suggests arc magmatism. All the samples are rich
in Sr (237 to 507 ppm); the tonalite samples have very low
contents of Rb (5 to 59 ppm) and very high Sr contents (314
to 507 ppm). This may reflect the higher plagioclase percent-
age in these rocks. The Rb/Sr value for Tirit Granitoids is low
(<1). Similarly, the molar A/CNK value (Aluminous Satura-
tion Index (ASI) of Zen (1986); where molar A/CNK = A1,0,/
Na,0+K,0+CaO ratio) in the Tirit Granitoids ranges between
0.67 to 1.04 (Table 2) and suggests a metaluminous nature of
these intrusions. A similar relationship can also be evidenced
from a A/CNK versus SiO, % diagram (Text-figure 16) and
also by high normative diopside and corundum values
(Table 2). Furthermore, if we follow the classification scheme
of Chappel and White (1974) and plot our data. it could be

F (FeOt)

M
(Mg0O)

(NapO +Kp0)

Text-figure 12-AFM diagram for the Tirit and Karakoram granitoids. Dark
triangles=Tirit Granitoids: open circles = Karakoram granitoids.
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Text-figure 13-Q-B-F diagram shows the subalkaline to calcalkuline trend
with cafemic association for Tirit Granitoids, and cafemic and alumino-
cafemic associations for Karakoram Granitoids (plotted on the diagram af-
ter Debon & Le Fort 1983, 1988). Dark triangles = Tirit Granitoids: open
circle = Karakoram granitoids. Different rock types presented in the dia-
gram are: gr=granite, ad=adamellile, gd=granodiorile, to=tonalite. sq=quartz
syenite. mzq=quarlz monzonite. mzdq=quartz monzodiorite. dg=quartz
diorite, s=syenite. mz=monzonite, mzgo=monzogabbro, go=gabbro.

suggested that the Tirit Granitoids are [-type (Text-figure 16).
The Y/Nb ratio is > 2 what further suggests island arc
magmatism. The trace elements versus SiO, variation diagrams
for the Tirit Granitoids (Text-figure 15) mostly show that the
concentrations of Rb, Y, Zr, Zn, Nb, U and Ga are systemati-
cally decreasing with increasing contents of silica. The scat-
tering of some trace elements (Ba, Sr, Th) may be due to a
heterogeneous accumulation of some essential and accessory
mineral constituents which are rich in these elements (Pearce
& Norry, 1979).

The chondrite normalised (Sun & Mc Donough, 1989)
REE patterns (Text-figures 17 a, b) are similar for most sam-
ples. According to Holtz (1989) the REE concentration in a
batholith is strongly enriched in Light Rare Earth Etements
(LREE) (La = 20-100 x Chondrite) and depleted in Heavy
Rare Earth Elements (HREE) (Yb = 0.5-8 x Chondrite). In
the case of the Tirit Granitoids these values are: La = 17-43.6
x chondrite, and Yb = 1.4 -2.37 x chondrite which is consist-
ent with the values of granitoids. All the samples are moder-
ately fractionated in their REE contents {(La/Lu), = (8.05-
18.1)}. Over all the REE patterns show an enrichment and a
good fractionation in LREE {(La/Sm), = 2.92 to 5.47} than
HREE {(Gd/Lu), = (1.35-1.78)} with marked negative Eu
anomalies, which indicates feldspar fractionation. The Ew/Eu*
values range from 0.66 to 1.02. The chondrite normalised REE
patterns further show a flat MREE (Middle Rare Earth Ele-
ment)-HREE pattern with Gd =2.43-4.44 x chondrite and Yb
= 1.4-2.37 x chondrite. Such a MREE-HREE flat pattern is
due to the presence of garnet in the residue melt (Henderson,
1984). The depletion in HREE contents is mainly controlled
by the fractionation of garnet from the source melt. The primi-
tive mantle (Sun & Mc Donough, 1989) normalized trace-
element patterns (Text-figure 18) show a systematic deple-
tion in Ti, P, Sr, Nb and Ba. This depletion is typical of the
calcalkaline magmatism of a subduction zone environment.
The Nb versus Y, and Rb versus Y+Nb plots (Text-figure 19)

F % (Felasoor % + Musce

%)
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further confirm the volcanic arc origin of the Tirit Granitoids.

According to Pearce et al. (1984) this type of granitoid
may be designated as a post-collision granitoid which is formed
by melting of the lower crust as a result of thermal relaxation
followed by collision and/or also from the melting of the up-
per mantle due to adiabatic decompression which accompa-
nies post-collision uplift and erosion.

Karakoram Batholith

201

The Karakoram Batholith, which lies immediately in the

north of the Shyok Suture Melange is one of the most impor-
tant terrane in the eastern Karakoram, which alongwith its
metamorphic assemblages represent the southern margin of
Asia (Sinha ef al., 1999) (Text-figures 2. 3, 4, Plate ic). The
batholith and its associated metamorphic rocks constitutes the
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Text-figure 15-Harker variation diagrams for trace elements. Dark triangles = Tirit Granitoids: opcn circles = Karakoram
Granitoids.
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Text-figure 16-SiO, versus A/CNK diagram for Tirit and Karukoram
Granitoids showing metaluminous, I-type and peraluminous, S-type
granitoids respectively (plotted on the diagram after White & Chappell 1977).
Dark triangles = Tirit Granitoids: open circles = Karakoram granitoids.

southern part of the eastern Karakoram. The southern contact
of the batholith is partly intrusive into, partly faulted against
the Shyok Suture Melange (Text-figures 2, 3, 4). The batholith
represents a morphologically elevated terrain in the north of
the Nubra-Shyok valleys, extending almost paraltel to the
Shyok Suture (Text-figures 2, 4, Plate 1c). At several places,
the sharp contact between the Shyok Suture and Karakoram
Batholith is defined by the NW-SE trending Karakoram strike-
slip fault zone, which is punctuated by hot springs. The south-
ern boundary of the Karakoram Batholith is defined by
mylonites and a ~ 50 m wide zone of metamorphic rocks. The
metamorphic rocks are strongly foliated carbonaceous slates,
marbles, metaconglomerates, quartzites, micaschist and
gneisses.
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Near the Shyok Suture Melange the Karakoram
Granitoids are leucocratic, coarse-grained. porphyritic ortho-
gneiss. The gneissic character of these rocks decreases north-
ward and the rocks gradually pass into porphyritic granites
and granodiorites. The most common rocks of the Karakoram
Batholith are weakly to moderately deformed muscovite- and
biotite-bearing two mica granites, hornblende-biotite
granitoids and medium- to coarse-grained K-feldspar rich gran-
ites, enclosing large xenoliths of metasedimentary and mafic
rocks. Compositionally, the Karakoram Batholith ranging from
granite to quartz monzonite, granodiorite, and tonalite (Text-
figure. 11). Aplites, pegmatite dykes, fine grained quartz-feld-
spathic veins and dykes of intermediate composition are com-
mon. The granitic batholith intruded the Carboniferous-
Permian sequence of the Karakoram Tethyan zone to the north
(Sinha et al., 1999).

Geochemistry of the Karakoram Batholith

Eighteen representative samples of Karakoram
Granitoids were analysed for major, trace and rare earth ele-
ments (REE); nine representative analyses are given in Table
3. The analytical procedures are the same as for the Shyok
Volcanics.

The Karakoram Granitoids have a range of SiO,-content
from 61.2t072.95 wt%. This composition ranges from quartz
monzonite to granodiorite and granite, they further show a
wide range in AIZO_1 (14.77 t0 16.67 wt%) and CaO (1.4 to
432 wt%). Granitoids with lower silica contents (61.22 to
64.7 wt%) have higher values of Al,0,(16.53 wt%), CaO (3.85
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Text-figure 17a, b.-Chondrite-normalised REE plots for Tirit Granitoids (normalising values after Sun & Mc Donough 1989).
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Table 3—Representative geochemical composition of Karakoram granitoids.
Rock Type mzq, IV ad, I ed, II gd, IV gd, I1 gd, I1 ad, I1 ad, I ad, I
S.No. K20 K18 K14 K1t K9 K6 K17 K13 K4
Major Oxides (wt%)
Si0, 61.22 66.33 66.4 67.49 68.1 68.49 69.93 72.11 72.57
TiO, 0.76 0.5 0.5 045 0.45 0.33 0.29 0.23 0.2
ALC_)1 16.67 15.96 1541 15.47 15.46 16.46 15.63 15.13 14.77
Fe;O1(t) 6.11 3.89 4.3 3.6 3.22 2.36 2.35 1.87 1.51
| MnO 0.09 0.08 0.08 0.06 0.05 0.03 0.04 0.03 0.04
MgO 3.12 1.82 1.9 1.57 1.11 0.64 0.62 0.49 0.35
Ca0O 3.87 2.29 3.5 3.04 2.53 2.17 2.02 1.91 .14
Na,0 2.76 2.9 3.14 32 3.56 43 43 4.47 4.28
K,0 4.74 3.75 3.56 32 3.56 3.99 3.52 33 4.74
. PO, 0.32 0.15 0.15 0.15 0.15 0.1 0.08 0.07 0.1
LOI 0.62 2 1.8 1.7 1.04 0.7 0.8 0.8 0.7
Total 100.37 99.67 100.74 99.93 99.23 99.57 99.58 100.41 100.26
Trace Elements (ppm)
Ba 1531 933 841 804 702 1129 927 1004 893
Ni 13.3 1.3 (1.4 10.5 9 13.8 12.3 19.8 10.2
Cu 14.7 10.1 10.9 7.9 8.9 5.5 58 4.9 5.1
Zn 85.3 514 50.6 45.7 50.9 52.1 57 426 52.3 |
Ga 21.2 17.7 17.2 18.9 18.3 19.3 19 16.3 24.2
Pb 19 25 23 22 28 40 36 37 11.6
Th 16.3 239 15.2 11.8 13.4 25.9 24.8 27.2 11.8
Rb 364 150 139 116 170 181 136 119 447
U 3.1 5.3 43 22 4 37 33 3.8 6.1
Sr 579 654 430 509 343 511 402 496 303
Y 27 28 24 24 25 26 21 21 25 |
Zr 347 176 167 161 169 178 182 137 172 |
Nb 19 13 12 13 18 10 14 8 25
Rare Earth Elements (ppm)
La 113.1 62.2 424 36.5 39.35 41.9 31.1 333 52.2
Ce 221.2 125.3 78.9 62.9 69.3 76.3 60.8 63.3 96.2
Nd 72.8 38.9 28.1 25.7 27.6 28.8 21.2 22.7 353
Sm 12.2 6.99 5.54 5.98 6.24 5.86 3.1 42 6.33
Eu 2.08 1.17 1.07 1.204 0.995 0.964 0.505 0.963 0.904
Gd 7.6 4.81 4.27 3.89 4.11 3.45 2.08 2.73 34
Dy 4.18 3.39 34 3.06 3.14 1.97 0.94 1.59 1.82
Er 1.46 1.37 2.08 1.7 1.62 0.93 b.d 0.71 0.9
Yb 1.51 1.62 1.76 1.49 1.32 0.58 0.243 0.56 0.685
Lu 0.213 0.255 0.351 0.225 0.175 0.133 0.019 0.239 0.104
CIPW Norm
q 12.74 26.48 22.99 26.88 2595 22.04 25.25 28.16 26.29
or 28.01 22.16 21.04 18.91 21.04 23.58 20.8 19.5 28.0}
ab 23.35 24.54 26.57 27.08 30.12 36.39 36.39 37.82 36.22
an 17.11 10.38 16.38 14.1 11.57 10.11 9.5 9.02 5
di 0.73 3.33 0.39 1.57 1.51 1.36 1.57 0.9 0.77
hy 12.69 7.67 8.27 6.81 5.33 3.46 3.45 2.74 2.11
mt 2.38 1.52 1.68 1.41 1.16 0.87 0.92 0.72 0.58
il 1.44 0.95 0.95 0.85 0.85 0.63 0.55 0.44 0.38
ap 0.74 0.35 0.35 0.35 0.35 0.23 0.19 0.16 0.23
Plagioclase An42 An30 An38 An34 An28 An22 An2| Anl9 Anl2
A/CNK | 1.23 | 1.09 1.08 1.07 1.09 1.05 1.04
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wi%), TiO, (0.75 wi%), Fe,0.(1) (6.1 wt%) and P.O, (0.32
wi%) which suggests a quartz-monzonite composition, Ex-
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cept for the quartz monzonite, most of the major oxide versus
Si0, plots show a systematic decrease in major oxides with
incréusing values of silica (Table 3; Text-figure 144. Accord-
ing to the AFM and QBF diagrams (Text-figures 12. 13) the
Karakoram Granitoids are following both calcalkaline and
subalkaline trends. The Karakoram Granitoids have higher
A/CNK values which ranges between 0.96 to 1.23 and sug-
gests both a metaluminous and peraluminous nature (Table
3). According to Si0, versus A/CNK diagram (Text-ligure
16) the Karakoram Granitoids are both I- and S-types. Trace
elements versus SiO, variation diagrams (Text-figure 15) show
that Rb, Y. Zr. Sr and Nb elements systematically decrease
with increasing values of silica: Pb shows a good negative
correlation. Chondrite normalised REE patterns (Text-figures
20 a,b) suggest that all samples are strongly enriched in Light
Rare Earth Elements (LREE) (La=31.1-113.1 x Chondrite)
and depleted in Heavy Rare Earth Elements (HREE)
(Yb=0.56-1.76 x Chondrite). This indicates that the Karakoram
Granitoids are more LREE enriched than the Tirit Granitoids.
All the samples are highly ractionated in their total REE con-
tents with a (La/Lu) ratiool 12.9510 56.94. An enrichment in
LREE is also observed in the ratio (La/Sm) =3.94 10 5.98 and
a depletion in HREE in the ratio (Gd/LLl)N#l.4l to4.41. The
primitive mantle normalised trace-element patterns (Text-fig-
ure 21) show a systematic depletion in Ti. P, Si. Nb and Ba.
This depletion is typical of a calcalkaline magmatisim in a sub-
duction zone environment. Similarly the Nb versus Y, and Rb

/
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Text-figure 19-Nb-Y and Rb-Y+Nb tectonic discrimination diagrams showing volcanic arc granite (VAG) + syn-collision granite (Syn-COLG) setting for
the Tirit and Karakoram Granitoids respectively (plotied on the diagram afier. Pearce er af., 1984). Dark triangles = Tirit Granitoids: open circle = Karakoram

Granitoids.
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Text-figure 20 a, b—Chondrite-normalised REE plots for the Karakoram Granitoids (normalised values after Sun & Mc Donough 1989).

versus Y+Nb diagrams (Text-figure 19) suggest that the
Karakoram Granitoids display chemical characters of both the
VAG (volcanic arc granite) and the Syn-COLG (syn-collision
granite).

The volcanic arc granitoids of the Karakoram also show
a close compositional affinity with the continental arc pluton-
ism recorded from the Chile arc (Baldwin & Pearce. 1982),
which is further supported by the occurrence of both the I-
and S-type granitoid signatures and the depletion in Ti, P, Sr,

Nb, and Ba (Text-figure 21). Similarly, samples K4 and K20’

(Table 2) from the Karakoram Granitoids show a significant
enrichment in Rb, Ba, Large lon Lithophile Elements (LILE)
and a strong depletion in High Field Strength Elements
(HFSE), which suggests a chemical signature similar to those
of syn-collision granitoids.

We have dated three samples of the S-type granite col-
lected from the middle part of eastern Karakoram Batholith
by using Rb/Sr isotopic whole rock technique. These samples
document syn-collisional arc magmatic signatures {Rakesh
Chandra, 1999). This S-type granite 1s 83 =9 Ma old with an
initial 87Sr/*Sr ratio of 0.7994 + 0.00023 (Sinha et al.. 1997)
(Text-figure 22).

Tectonic implication and Discussion

In the Shyok Suture Zone the high-Mg tholeiitic basalt
and calc-alkaline andesites of the Shyok Volcanics have a sub-
duction zone chemical signature; the calcalkaline andesites

are intruded by the Tirit Granitoids, whereas the high-Mg
tholeiitic basalt are overlain by Albian-Aptian Orbitolina-bear-
ing limestones and ufrbidites of the Saltoro Formation
(Upadhyay er al., 1999). REE data on Shyok Volcanics indi-
cate that at Shukur village these rocks show chemical signa-
tures intermediate between primitive N-MORB to E-MORB).
The Tegar village and Sati bridge volcanics, however, resem-
bles to transitional nature of basalt between E-MORB to OIB.
Interestingly, if we look into the data from the Northern Su-
ture in Kohistan (Petterson & Windley, 1985, 1991; Pudsey ,
1686; Coward er al., 1986; Treloar er al., 1996; Khan er al..
1998), itappears that the Chait Volcanics and overlying Aptian-
Albian sediments (limestone and turbidites) of the Yasin group
have a close similarity with the Shyok Volcanics and the Saltoro
Formation (Upadhyay ef al., 1999).

Petterson and Windley (1985) stated that the arc-batholith
growth in Ladakh is characterised by the Dras volcanic arc on
the south side of the Ladakh Batholith, whereas in Kohistan
the Chalt island arc volcanics are on the north side of the
batholith. However, our data show that the Shyok Volcanics
are exposed on the north side of the Ladakh Batholith which
further suggest a correlation between the Chalt volcanics and
Shyok Volcanics.

The mildly deformed trondhjemite-tonalite-granodiorite-
and granite of the Tirit Granitoids are composite plutons lo-
cated south of the Shyok Suture Melange. They intrude the
Shyok Volcanics and Shyok Suture Melange. These granitoids
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Text-figure 21-Primitive mantle normalised trace element plots for the
Karakoram Granitoids (normalised values after Sun & Mc Donough 1989).

are subalkaline, I-type with volcanic arc chemical signatures.
Incidently, the regional tectonic setting, the nature of occur-
rence and the composition of the Tirit Granitoids are very simi-
lar to the plutonic suites of northern Kohistan (Gindai, Matum
Das and Nomal plutons of Petterson & Windley 1985, 1991,
Debon et al. 1987). The northern Kohistan plutonic suites are
also located immediately south of the Northern Suture Zone
and intrude the Chalt Volcanics (Coward et al., 1986), a tec-
tonic situation similar to that of the Tirit Granitoids. This in-
fers that similarity exist between the Tirit Granitoids and the
plutonic suites of northern Kohistan. If this is true then the
Tirit Granitoids should also yield ages similar to those reported
by Petterson and Windley (1985) for the northern Kohistan
plutons as 102 + 12 Ma, 54 = 4 Ma and 40 + 6 Ma. No radio-
metric data are available on the Tirit Granitoids.

The eastern Karakoram Batholith is dominated by quartz
monzonite-tonalite-granodiorite and granite. Unlike the Tirit
Granitoids, the subalkaline to calcalkaline Karakoram
Batholith is constituted by both I- and S- type granitoids with
volcanic arc and syn-collision chemical signatures. Based on
REE patterns the I-type granitoids document typical
calcalkaline magmatism of a subduction zone environment.
In contrast, most of the S-type granitoids are crust-derived,
anatectic peraluminous granites.

Age datarecorded from the Karakoram Batholith exposed
along the Karakoram highway in northern Pakistan range
mostly between the Jurassic & Early Cretaceous to Eocene
and the Miocene (Brookfield and Reynolds, 1981; Reynold
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et al., 1983; Le Fort et al., 1983; Debon er al., 1987; Zeitler,
1985). The occurrence of Eocene to Miocene ages from the
Karakoram Batholith has been interpreted by some workers
to indicate that the Northern Suture of Kohistan and the Shyok
Suture of Ladakh are younger than the 50-60 Ma Indus Suture
(Brookfield & Reynolds. 1981). However, based on Rb-Sr
and A/ Ar data, Scimal er al. (1987) suggested an age range
between 130 and 50 Ma for the eastern Karakoram batholith.
According to them the composite Karakoram batholith repre-
sents at least two major sources for the magmas. The earlier
Jurassic-Early Cretaceous phase represents a continental mar-
gin arc magmatism (I-type with & 'O values < + 8 %o0) and
results from subduction along the North Saltoro (Shyok Su-
ture) — Bangong-Nujiang Zone. The later Miocene S-type gran-
ites (8 '*O value > + 9.5 %o) are derived from crustal anatexis
in the Miocene due to intracontinental thrusting along the re-
juvenated North Saltoro Suture following the India-Asia col-
lision. Recently, Ogasawara er al. (1994) dated hornblende
and biotite from the Khunjerab pluton as 107 + 5 Ma and 96.9
+4.8 Ma respectively. A slightly younger K-Ar biotite ages of
84.2 +4.2 and 85.9 + 4.3 Ma have been obtained by them for
the north Sost pluton. Similarly, Debon and Khan (1996) ob-
tained Rb-Sr age of 88+4 Ma (¥St/%Sr = 0.70440 + 7) for the
Karakoram Batholith located along the Karambar valley in
northern Pakistan.

Recently acquired isotopic age data by us on three S-
type granite samples of Karakoram batholith (Sinha er al.,
1997) indicates that this intrusive phase is 83 + 9 Ma with an
initial ¥Sr/%Sr ratio of 0.7994 + 0.00023 (Text-figure 22).
This new age datum suggests a close similarity with the north

i
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Text-figure 22-Rb-5r whole rock isotopic data for Karakoram granitoid.
§Rb/*Rb versus SSrSr isochron for three S-type Karakoram granitoid
samples. Age = 8349 Ma; initial ratio = 0.70994 + 0.00023.
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Sost pluton and Karambar valley pluton of main Karakoram
Axial batholith exposed in northern Kohistan. The syn-colli-
sion nature (Rakesh Chandra, 1999) of these granitoids may
indicate that the collision between Kohistan-Ladakh arc and
Karakoram block was active 83 + 9 Ma; which is in close
agreement with the age of suturing of the Kohistan and Asia
between 100 and 85 Ma (Petterson & Windley, 1991; Treloar
et al.. 1996) . The above datum is also compatible with the
fact that subduction-related magmatism may continue after
initial collision for a period of as long as 30-50 Ma (Bonin,
1990). The above mentioned points further suggest that there
are at [east three stages of batholith growth in the eastern
Karakoram region. The Jurassic-Early Cretaceous 1-type
granitoids most likely formed during subduction of the north-
ern Ladakh margin beneath the Karakoram block followed by
the collision-related S-type plutonism during 83 + 9 Ma. The
younger Miocene granitoids may perhaps indicate crustal
anatexis along the Shyok Suture following the collision of
Indian Plate along the Indus Suture during 50-60 Ma. The
different stages of plutonic activity and batholith growth along
the Shyok Suture and eastern Karakoram may represent an
example of stitching pluton and accretion of terrane between
Indian and Asian plates.

Acknowledgements — We are graieful 1o the Department of Sci-
ence and Technology, Govt. of India, New Dellii for providing fi-
nancial assistance under the sponsored Project No. ESS/CA/A9-32/
93. We thank authorities ar the Wadia Institute of Himalayan Geol-
ogy. Dehradun for extending their suppori. Sincere thanks to Dr
M.G. Penterson and three anonymous reviewers for their critical
reviews and encouragement on an earlier version of manuscrips
which formed the base of present paper. Thanks are due to Drs P.P.
Khanna, N.K. Saini of XRF and 1CP-Labs of WIHG for analysing
the volcanics and granitoid samples. Rb/Sr dates originated from
PRL Ahmedabad, India under the guidance of Dr J.R. Trivedi. RU
thanks the Federal Commission of Scholarships, Switzerland for
providing a fellowship to carry out research ar the Institute of Geol-
ogy, ETH Zurich, Swirzerland and 1o Professor Daniel Bernoulli
and J.P. Burg for providing every kind of facility, support and en-
couragement at ETH Zurich.

REFERENCES

Baldwin AJ & Pearce JA 1982. Discrimination of productive and
non-productive porphyritic intrusions in the Chilean Andes. Eco-
nomic Geology 77: 664-674.

Beck RA & {3 others 1995. Stratigraphic evidence for an early col-
lision between northwest India and Asia. Nature 373 : 55-58.
Brookfield ME & Reynolds PH 1981. Late Cretaceous emplace-
ment of Indus Suture Zone. ophiolitic melange and an Eocene-
Oligocene magmatic arc on the northern edge of the Indian Plate.

Earth Planet. Sci. Lett. 55 : 157-162.

Bonin B 1990. From orogenic to anorogenic settings: evolution of
granitoid suites after a major orogenesis. Geol. J. 25 : 261-270.

Chappel BW & White AJR 1974, Two contrasting granite types.
Pacific Geology 8 : 173-174.

Coward MP. Windley BF, Broughton RD, Luff IW, Petterson MG,
Pudsey CJ. Rex DC & Khan AM 1986. Collision tectonics in the

NW Himalayas. /n: Collision Tectonics (Editors—Coward MP
& Ries AC), Geol. Soc. Spec. Pub. 19 :203-219.

Cox KG. Bell JD & Pankhurst RI 1979. The interpretation of igne-
ous rocks. George Allen and Unwin, London : 450.

Debon F & Khan NA 1996. Alkaline orogenic plutonism in the
Karakoram Batholith: the Upper Cretaceous Koz Sar complex
(Karambar valley. N. Pakistan). Geodinamica Acta 9 : 145-160.

Debon F & Le Fort PA 1983. Chemical-mineralogical classification
of common plutonic rocks and associations. Trans. R. Soc. Edin-
burgh 73 : 135-149.

Debon F & Le Fort P 1988. A cationic classification of common
plutonic rocks and their magmatic association: principles. meth-
ods, applications. Buil. Mineral. 111 : 493-510.

Debon F, Le Fort P, Dautel D, Sonet J & Zimmermann JL 1987.
Granitoids of western Karakoram and northern Kohistan (Paki-
stan): a composite Mid-Cretaceous to Upper Cenozoic
magmatism. Lithos 20 : 19-14.

Dietrich VJ. Frank W & Honegger K 1983. A Jurassic-Cretaceous
island arc in the Ladakh Himalaya. Journal of Volen. and
Geothermal Res. 18 : 405-433.

Gaetani M 1997. The North Karakoram in the framework of the
Cimmerian blocks. Him. Geol. 18 : 33-48.

Gansser A 1977. The great suture zone between Himalaya and Ti-
bet. a preliminary account. Sci. Terre Himalaya, CNRS 268 : 181-
192.

Henderson P 1984. Rare earth element geochemistry. Elsevier Sci-
ence Pub. Amsterdam, Netherlands : 510.

Holtz F 1989. Importance of melt fraction and source rock composi-
tion in crustal genesis-the example of two granitic suites of north-
ern Portugal. Lithos 24 : 21-35.

Honegger K, Dietrich V, Frank W, Gansser A, Thoni M &
Trommsdorff W 1982. Magmatism and metamorphism in the
Ladakh Himalaya (The Indus-Tsangpo Suture Zone). Earth Planet.
Sci. Lett. 60 : 253-292.

Khan AM., Treloar PJ, Khan AM. Khan T, Qazi SM & Jan QM
1998. Geology of the Chalt-Babusar transect, Kohistan terrane,
N. Pakistan: implications for the constitution and thickening of
island-arc crust. Journal of Asian Earth Sciences 16 : 253-268.

Le Fort P, Michard A, Sonet J & Zimmermann JL 1983. Petrogra-
phy, geochemistry and geochronology of some samples from the
Karakoram Axial Batholith (northern Pakistan). /n : Shams FA
(Editor)-Granites of the Himalayas. Karakoram and Hindu Kush,
Punjab Univ. Lahore, Pakistan : 377-387.

O’ Connor JT 1965. A classification for quartz-rich igneous rocks
based on feldspar ratios. US Geol. Surv. Prof. Paper 525B : B79-
B&4.

Ogasawara M. Watanabe Y, Khan F, Khan T, Khan MSZ & Khan
KSA 1994. Late Cretaceous igneous activity and tectonism of
the Karakoram block in the Khunjerab vailey. northern Pakistan.
In: Riaz A & Arshad MS (Editors)-Geology in South Asia-1. Pro-
ceed. First South Asia Geol. Congr., Islamabad 1992 : 203-207.

Pearce JA, Harris NBW & Tindle AG 1984. Trace element discrimi-
nation diagrams for the tectonic interpretation of granitic rocks.
J. Petrol. 25 : 956-983.

Pearce JA & Norry MJ 1979. Petrogenetic implications of Ti. Zr. Y
and Nb variations in volcanic rocks. Contr. Miner. Pet. 69 : 33-
47.

Peccerillo A & Taylor SR 1976. Geochemisury of Eocene calcalkaline
volcanic rocks from Kastamonu area, Northern Turkey. Contrib.
Mineral. Petrol. 58 : 63-8].



CHANDRA ¢t al. — SUBDUCTION AND COLLISION RELATED MAGMATISM IN THE SHYOK SUTURE 209

Petterson MG & Windley BF 1985. Rb-Sr dating of the Kohistan
arc-batholith in the Trans-Himalaya of north Pakistan. and tec-
tonic implications. Earth and Planet. Sci. Lett. 74 : 45-57

Petterson MG & Windley BF 1991, Changing source regions of
magmas and crustal growth in the Trans-Himalayas: evidence
from the Chalt volcanics and Kohistan batholith, Kohistan, north-
ern Paksstan. Earth Planet. Sci. Lew. 102 - 326-341.

Pudsey CJ 1986. The northern suture, Pakistan: margin of a Creta-
ceous island arc. Geological Magazine 123 : 405-423.

Rai H 1982. Geological evidence against the Shyok Palaco-suture,
Ladakh Himalaya. Nature 297 : 142-144,

Rai H 1991. The Shyok valley (Northern Ladakh. India): Anenwraped
and compressed marginal oceanic basin. J. Him. Geol. 2 : 1-15.

Rakesh Chandra 1998. Tectonic framework and geologic feature of
accreting back-arc of Hundri and Sasoma area between Shyok
and Nubra river water divide, Ladakh Himalaya and Karakoram
(J & K), India. Unpubhshed Ph.D. Thesis, Garhwal University
Srinagar, India : 227.

Reynolds PH. Brookfield ME. Halifax G & McNutt RH 1983, The
age and nature of Mesozoic-Tertiary magmatism across the In-
dus Suture Zone in Kashmir and Ladakh (NW India and Paki-
stan). Geol. Rundschau 72 : 981-1004.

Schorer U, Hamet J & Alleare CJ 1980. The Trans Himalayan
(Gangdese) plutonism in the Ladakh region: a U-Pb and Rb-Sr
study. Earth and Planer. Sci. Lett. 67 : 327-339.

Sharma KK 1990. Petrology. geochemistry and geochronology of
the Ladakh Batholith and its role in the evolution of Ladakh mag-
matic arc. /n : Sharma KK (Editor)-Geology and Geodynamic
Evolution of the Himalayan Collision Zone, Physics and Chem-
istry of the Earth 17 (2) : 173-194.

Sinha AK, Trivedi JR, Upadhyay R, Rai H & Chandra R 1997.
Geochemical and geochronological studies of granitoids of
castern Karakoram and their impact on the tectonic interpreta-
tion. Extended abstract in International Conference on Isotope in
the Solar System (11-14 Nov.. 1997), PRL Ahmedabad : |{6-
117.

Sinha AK & Upadhyay R 1997. Tectonics and sedimentation in the
passive margin. trench, forearc and backarc areas of the [ndus
Suture Zone in Ladakh and Karakoram : a review. Geodinamica
Acta 10 : 1-12.

Sinha AK. Rai H, Upadhyay R & Chandra R 1999. Contribution to

the geology of the eastern Karakoram. India. Geol. Soc. America
Spec. Pap 328 : 33-46.

Srimal N 1986. India-Asia collision: implications from the geology
of the eastern Karakoram. Geology 14 : 523-527.  «

Srimal N. Basu AR & Kyser TK 1987. Tectonic inferences Irom
oxygen isotopes in volcano-plutonic complexes of the India-Asia
collision zone, NW India. Tectonics 6 : 261-273.

Sun S-S & McDonough WF 1989. Chemical and isotopic systemat-
ics of oceanic basalt: implications for mental composition and
processes. /n : (Editors— Saunders AD & Norry MJ) Magimatisim
in the Ocean Basins, Geol. Soc. Spec. Pub. 42 : 313-345.

Tahirkheli RAK. Mattauer M. Proust F & Tapponier P 1979. The
India-Eurasia suture zone in northern Pakistan, some new data
for an interpretation of plate scale. fn @ (Editors—Farah A & De
Jong KA )-Geodynamics of Pakistan, Geol. Surv. of Pakistan,
Quetta: 125-130.

Thakur VC & Mishra DK 1984. Tectonic framework of the Indus
and Shyok sutuse zones in eastern Ladakh. northwest Himalaya.
Tectonophysics 101 : 207-220.

Treloar PJ, Petterson MG, Jan QM & Sullivan MA 1996. A re-
evalution of the stratigraphy and evolution of the Kohistan arc
sequence, Pakistan Himalaya: implications for magmatic and tec-
tonic arc-building processes. Journal of the Geological Society
London 153 : 681-693.

Upadhyay R & Sinha AK 1998. Tectonic evolution of Himalayan
Tethys and subsequent Indian Plate subduction along indus Su-
ture Zone. fn : Proc. Indian National Science Academy (INSA),
New Delhi 64 A : 659-683.

Upadhyay R, Sinha AK. Chandra R & Rar H 1999. Tecionic and
magmatic evolution of the eastern Karakoram, India. Geodinamica
Acta 12 (in press).

White AJR & Chappell BW 1977. Ultra-metamorphism and granitoid
genesis. Tectonophysics 43 : 7-22.

Winchester JA & Floyd PA 1977. Geochemical discrimination of
different magma series and their differentiation products using
immobile elements. Chem. Geol. 20 : 325-343.

Zeitler PK 1985, Cooling history of the NW Himalaya. Tectonics 4
2 147-151.

Zen E- an 1986. Aluminium enrichment in silicate by fractional crys-
tallization: some mineralogic and petrographic constraints. J.
Petrol. 27 : 1095-1117.



Palacoboranist 48 (1999) : 211-216
0031-0174/99/211-216 $2.00

On the genus Pantophyllum Rigby 1984

H.K. MAHESHWARI* ano SHIV MOHAN SINGH

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.
*Current Address : "Ganga-Moti", D-2228, Indira Nagar, Lucknow-226 016, India

(Received 20 October 1998: revised version accepted 21 January 1999)

ABSTRACT

Maheshwart HK & Singh SM 1999, On the genus Pantopliyllum Rigby 1984. Palacobotanist 48(3):
211-216.

The nomenclature of Cordaites-type of leaves in the Permian Gondwana of India is re-examined. The
authors agree that on the basis of the cuticular features these leaves may not be assigned to the genus
Cordaires Unger. The hitherto commonly used name Noeggerathiopsis Feistmantel 1879 is also unaccept-
able because the type specimen of the generic type [Noeggerathiopsis hislopii (Bunbury 1861) Feistmantel
1879a] is a fragment of a leaf that probably had ginkgopsid affinities. The type specimen originates from the
Kamthi Formation which according to new interpretation is dated as Triassic in age. It is therefore proposed
that all Cordaires-type leaves from the Permian Gondwana of India earlier placed in the genus
Noeggerathiopsis should be transferred to the genus Pantophylium.

Key-words—Paniophyllum, Noeggeraihiopsis, Cordaires, Nomenclature, India, Gondwana. Permian.
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INTRODUCTION

HE first Cordaites-type leaf to be reported from the

Gondwana Supercontinent was Zeugophyllites elongatus
from Tasmania (Morris, 1845). This species and comparative
forms were later placed under the genus Noeggerathia Stern-
berg by Dana (1849) in his work on Austrahian plant fossils.
Probably unaware of Dana’s publication, Bunbury (1861)
described somewhat similar forms as Nocggerathia?

(Cvclopteris?) hislopii from the beds he considered to be
Mesozoic; but which later were considered to be of Late
Permian age (Kamthi Formation). More recently it has been
suggested that the Kamthi Formation represents a Triassic
sequence (Srivastava & Jha, 1997).

Feistmantel (1877), while discussing the identification
of similar looking leaves from the Indian Gondwana sediments,
expressed his reservation about the use of the name

© Birbal Sahni Institute of Palaeobotany. India
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Table 1.
Name of species Shape Apex Base Venation Cuticle
Pantophylium Spathulate  |Not Tapering Veins thick. fibrous.[Hypostomatic, veins not marked on
biliariensis known dichotomising but not|nonstomatiferous surface.
anastomosing. concentration  of
veins in basal region 10/cm,
22/cm in middle region.
Pantoplythan Narrow Obtuse  |Namow Veins 10-13/cm in basal region,| Amphistomatic.  stomatiferous  and
bunburvana spathulate or lapering 13-19/cm in middle and apical{nonstomatiferous bands outlined.
lanceolate regions, 429 um thick in basal{Stomatal rows in each band 6-8. Papillae
region and 312 um thick|present only on some cells of lower
elsewhere. cuticle. Stomatal frequency per mm? 170-
2006, subsidiary cells 4-7.
Pantophylium Spathulate  |Obtuse  |Narrow Veins 9-11/cm in basal region,| Hypostomatic, stomatiferous and
fibrosa tapering 12-16/cm in middie and apical|nonstomatiferous bands present. 8-17
regions. Veins up to 367 micron|rows of stomata in each band. Cells of]
thick in basal region, thicker|lower cuticle papillate; of upper rarely.
towards apex. Interstitial fibres|Stomatal frequency per mm?Z 251-300.
possibly present. Subsidiary cells 5-7.
Pantophyllum Linear =Bluntly  [Tapering Veins =+ indistinct, fine, close,| Hypostomatic, cells of stomatiferous
gondvwanensis lanceolate  |pointed about 22-25/cm in the broadest|surface papillate. Stomata sparse. 1-4
part. across a band. subsidiary cells 4-6. Cells
weekly  cutinised,  subsidiary  cells.
relatively thicker specially along their
inner walls.
Pantophylliom Linear Broadly |Tapering Veins dichotomising, about 13-20(Cuticle amphistomatic, stomatiferous and
indica spathulate  [rounded [blunt base |veins/ cm in widest region. nonstomatiferous bands outlined. Cells of
stomatiferous surface papillate. 2-10 rows
of stomata in each band, frequency 140-
170 mm?2. Subsidiary cells 4-8. Cells of]
stomatiferous band and specially the
subsidiary cells heavily cutinised.
Pantophvlium Spathulate  |Obtuse  [Tapering Veins 10-13/cm in basal region| Hypostomatic, stomatiferous and
papillosa and 13-19/cm in middle and]nonstomatiferous bands present, stomatal

apical regions. Veins normally up
10 222 um thick, interstitial fibres

absent.

rows in each band 2-8. Papillae present on
most cells of lower cuticle, absent on
upper. Stomatal frequency per mm? 186-
284. Subsidiary cells 4-7.
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Name of species Shape Apex Base Venation Cauticle
Pantophylhon Linear not known |Tapering Veins straight, dichotomising but] Stomata present only on one surface, vein
saharjuriensis spathulate not anastomising. Concentrationjand inter-vein areas not marked on
in the middle region being 26/cm. [nonstomatiferous surface. On
stomatiferous surface stomatiferous and
nonstomatiferous bands outlined, cells of]
non-stomatiferous  band  rectangular,
arranged end-to-end, those of
stomatiferous bands polygonal, Stomata
haplocheilic, arranged 2-5 in linear rows.
Stomatal apparatus monocyclic,
subsidiary cells 4-8.
Pantophvilum Broadly Acute Narrow- Veins thin, erect, frequently|Not known.
sparulata spathulate or tupering dichotomise. veins  16-18/cm,
rhomboidal angle of divergence between two
veins about 9°-13°.
Pantophyvllun Lanceolate |Bluntly  |Gradually [Veins clear, arising straight from|Stomata occur only on one surface. Cells
zeilleri pointed  [tapering base, divergent. dichotomisinglof stomatiferous surface non-papillate.
frequently, about [3-14 veins/cm|Stomata sparse. |-3 or 4 across a band,
in the broadest part. subsidiary cells 5-6. hardly
distinguishable  from other epidermal
. cells.

Noeggerathia for these leaves. He believed the latter to be
“more alhied 10 Zamia than any other genus™. Feistmantel
(1879a) brought out the fact that the leaves of the genus
Noeggerathia Sternberg 1822 (Type species: N. foliosa, Up-
per Carboniferous of Bohemia) had simple, and not torked
veins; on the other hand, the Indian leaves had distinctly di-
chotomous veins. He also compared the Indian leaves with
those of the genus Cordaites Unger. The latter are. however,
strap-shaped with parallel margins, only slightly narrower at
the base whereas the Indian leaves are usually spathulate in
shape. He, therefore, proposcd a new genus “Noeggera-
thiopsis™ for all leaves formerly referred to Noeggerathia and
which were distributed in sedimentary deposits ranging from
the Talchir to the Kamthi. He again emphasised on their
cycadalean connection. Bunbury’s N. hislopii was included
under this genus as Noeggerathiopsis (Zamia?) hislopii. In
the following years this species came to be regarded as the
Llype species of the genus.

Feistmantel (1879b) translerred Dana’s species to his new
genus while maintaining their separate specific identities. This
being the case, N. spandata (Dana 1849) Feistmantel 1879
hus priority over N. lislopii (Bunbury 1861) Feistmantel 1879,
and hence the latter species was merged with N. sparlata by
Rigby, Maheshwari and Schop{ (1980). Thus N. spatulata re-
placed N. hislopii as type species of the genus. Zeugophyllites
elongatus Mortis, that was considered by Dana (1849) as an-

other species of Noeggerathia, was transferred to Podozamites
by Feistmantel (1890) and to Phoenicopsis by Seward (1903).
Interestingly, specimens of Noeggerathiopsis hislopii reported
by Zeiller (1902/1903) from Tonkin (Vietnam) were also in-
cluded under Phoenicopsis elongatra (Morris) Seward
(Seward, 1903).

Zeiller (1896) recovered cuticles from specimens which
he believed belonged to Noeggerathiopsis hislopii. The speci-
mens, collected from the area near Johannesburg, South Af-
rica, are a mixed lot. One of the specimens (Zeiller, 1896, pl.
18, fig. 6) is closer to Noeggeratitiopsis (Glossozaniies)
stoliczkanus (Feistmantel) Arber 1905 than to N. hislopii.
Another specimen (loc. cit., pl. 18, fig. 7) has a very narrow
base unlike that known in any N. hislopii-type leaf. The line
drawings of cuticular pieces apparently show sunken stomata,
a character not noticed in later investigations on cuticular
anatomy of Noeggerathiopsis leaves (Lele & Maithy, 1964;
Pant & Verma, 1964; Bajpai. 1990).

The creation of the genus Noeggerathiopsis by
Feistmantel has been disputed by many later workers. Seward
(1903) pointed out that “had the leaves referred to
Noeggerathiopsis been found in European Palacozoic rocks
there can be little doubt that they would have been described
under the name Cordaiies”. Seward and Leslie (1908), Seward
(1912, 1917), Seward and Sahni (1920), Walton (1929),
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Feruglio (1951), Meyen (1963, 1964), Archangelsky and
Arrondo (1973), Rigby, Maheshwari and Schopf (1980), and
others followed this line of argument and used the name
Cordaites. Meyen (1964, p. 98) remarked ““[ consider that the
genus Noeggerathiopsis was based on a mistake and should
be abolished. Most Gondwana Cordaiteans should be referred
to Corduites s.1.”. He also did not believe that the Gondwana
and Angaran cordaitean leaves belonged to the same genus.
He observed presence of dorsal furrow in some Angaran
leaves. a character of great significance in taxonomy, and es-
tablished the genus Ritfloria for the same. Cladostrobus, the
male fructification assigned to this genus (Maheshwari &
Meyen, 1975), has an organisation not known in the
fructifications associated with Cordaites. McLoughlin and
Drinnan (1996) have shown that in leaf anatomy, as observed
in permineralised specimens from Antarctica. leaves of
Noeggerathiopsis are quite different from the Northern Hemi-
sphere cordaites.

Rigby. Maheshwari and Schopf (1980, p. 20) were of the
opinion that all the leaves referred to different species of
Noeggerathiopsis on the basis of differences in cuticular fea-
tures belong to a single morphological type and went on to
propose “‘that all non-cuticular cordaitalean leaves from Lower
Gondwana strata identified 1o date be given the name Corduires
spatulata”. They left out Gondwana cordaitalean leaves with
cuticles from the circumscription of C. spatulata. Rigby (1984)
proposed the generic name Panrophyllun “for species for-
merly attributed to Noeggerarhiopsis that have distinctive
cuticles, thus can not be recombined with Cordaires . Bajpai
(1990), however, disagreed. She pointed out that if new gen-
era were created simply because a leaf had yiclded cuticle
one would have to create new genera for all the species/speci-
mens with cuticle in the genera Glossopteris, Gangamopteris,
Palaeovitiaria, Buriadia, etc. She hence maintained the ge-
nus Noeggerathiopsis. Bajpai (1992), however. observed that
Bunbury’s specimens from Late Permian Kamthi sediments,
which formed the base of Feistmantel’s Noeggerathiopsis. may
have ginkgopsid, rather than cordaitalean affinities. The Early
Permian Cordaites-type leaves from the Gondwana were thus
left without a formal generic name. She therefore adopted the
generic name Pantophyllum Rigby for all Noeggerathia
spatidata-lype leaves.

Kovdacs-Endrédy (1987) raised another problem, that is,
the presumed difficulty of separation of Palacovittaria from
Noeggerathiopsis. Of the seven specimens illustrated in her
paper as leaves of Palaeovittaria. probably none belongs to
this genus. The single specimen that she assigns to
Noeggerathiopsis is more likely to be a ginkgopsid lcaf.

To summarise the above discussion:

I- Cordaites-type leaves are reported from Early Permian
or Gondwana Supergroup;
2- Similar looking leaves from the Late Permian/Early

Triassic Kamthi Formation probably are not related;

3. The name Noeggerathiopsis (because of its association
with species fiislopii) thus needs to be restricted to Late
Permian/Early Triassic forms;

4- For Early Permian leaves one may use either of the ge-
neric names Cordaites or Paintophylluin.

Zeiller (1896). Pant and Verma (1964), and Maithy (1965)
have made a valid point for not using the name Cordaites for
Gondwana leaves. Therefore the name Panrophyllum Rigby
can be adopted: its circumscription being the same as pro-
posed by Pant and Verma (1964) and Maithy (1965) for
“Noeggerathiopsis”.

Diagnosis (based on Rigby, Maheshwart & Schopf, 1980;
Maithy, 1965, and Pant & Verma, 1964):

Leaves simple, broad!ly symmetrical, Jamina broadening
gradually upwards from a narrow and truncate base, widest in
the region near the apex. linear, oval-spathulate, spathulate,
or obovate, Apex acute, obtuse or broadly rounded. Margin
entire. Lamina tapering towards the base, broadening slightly
at base. Midrib absent. Veins numerous, radiating from base
where there are four equally sized veins: veins dichotomising
once or several times, spreading very gradually. appearing
parallel over a short distance, and running straight up to the
margin without curving or anastomosing; interstitial [ibers
occasionally present. Lamina amphistomatic or hypostomat-
ic. Upper cuticle comparatively thick. showing no differentia-
tion of cells in areas between and above veins and all cells
arranged in rows parallel to veins; stomata. where present,
fewer than those of lower cuticle. Lower cuticle showing al-
ternately arranged non-stomatiferous and stomatiferous bands,
respectively above and between veins; stomata haplocheilic,
arranged in one to many ill-defined longitudinal rows between
veins. Guard cells longitudinally orientated, subsidiary cells
usually six.

Speciation in Pantophyllum

Morphographically, i.e., in external characters. such as,
shape, venation, etc. almost all the leaves can be assigned,
and actually have been assigned to one species. This species
is now named as Pantophyllum spatidara(Dana, 1849) Bajpai
1992.

The investigation of the cuticular features of these leaves,
however, has led to institution of several new species (Lele &
Maithy, 1964; Pant & Verma, 1964; Bajpai, 1990) which were
earlier placed under the genus Noeggerathiopsis. Now with
the proposed restriction of the name Noeggerathiopsis 1o pos-
sibly ginkgopsid leaves of N. hislopii Bunbury-type from the
Late Permian/Early Triassic, the other species need to be trans-
ferred to the genus Pantophyllum.

1. Pantophylium spatlata (Dana) Bajpai 1992
[=Noeggerathia spatulata Dana, 1849 Australia. non
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Noeggerathia hislopii Bunbury. 1861; Late Permian/Early
Triassic, Kamthi Formation. India]

[=Noeggerathiopsis densinervis Maithy, 1965; Early
Permian, Karharbart Formation, Giridih Coalfield, India}

2. Pantophylhiwm bunburvana (Pant & Verma) Rigby 1984

[=Noeggerathiopsis bunburvana Pant & Verma, 1964,
Early Permian, Karharbari Formation, Manendragarh Coal-
field, India]

3. Pantophyllum papitlosa (Pant & Verma ) Rigby 1984

[=Noeggerathiopsis papillosa Pant & Verma, 1964, Early
Permian. Karharbari Formation. Manendragarh Coalfield,
India]

4. Panrophyllum fibrosa (Pant & Verma ) Rigby 1984

[=Noeggerathiopsis fibrosa Pant & Verma, 1964, Early
Permian, Karharbari Formation, Manendragarh Coalfield,
India]

S. Pantophyllum indica (Lele & Maithy) comb. nov.

[=Noeggerathiopsis indica Lele & Maithy, 1964; Early
Permian, Karharbari Formation, Ganjra Nala Beds, South
Rewa Basin, India)

6. Pantophyllum gondwanensis (Lele & Maithy) comb.
nov.

[=Noeggerathiopsis gondwanensis Lele & Maithy, 1964,
Early Permian. Karharbari Formation, Ganjra Nala Beds,
South Rewa Basin, India]

7. Pantophyllum zeilleri (Lele & Maithy) comb. nov.

[=Noeggerathiopsis zeilleri Lele & Maithy, 1964; Early
Permian, Karharbari Formation, Giridih Coalfield, India]

8. Pantophyllum saharjuriensis (Bajpai) comb. nov.

{=Noeggerathiopsis saharjuriensis Bajpai, 1990; Early
Permian, Karharbari Formation, Saharjuri Outlier, Deogarh
Coalfield, India]

9. Pantophyllium bihariensis (Bajpai) comb. nov.

[=Noeggerathiopsis bihariensis Bajpai, 1990:; Early
Permian, Karharbari Formation, Saharjuri Outlier, Deogarh
Coalfield, India ]

The morphographic and cuticular characters of different
species are plotted in Table I.
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ABSTRACT

Meena KL 1999. Palynostratigraphic studies of sub-surtace Raniganj Barren Measures sediments from
Mand-Raigarh Coalfield. Son-Mahanadi. Madhya Pradesh, India. Palaeobotanist 48(3) : 217-224.

The dispcrsed spore and pollen grains preserved in Mand-Raigarh Coalfield, Madhya Pradesh. In the
present investigation studied the bore-hole RGP-7. This bore-hole run through Raniganj-Barren Measures
Formations as well as lithologically, while the palynofloral composition show the Raniganj period (Late
Permian flora). The dominance of Sirictopodocarpites and Faunipollenites alongwith Alisporites,
Crescentipollenites. Densipollenites, Rhizomaspora, Verticipollenites, Lunatisporites etc. This
palynoassemblage is similarly found in Raniganj as well as Barren Measure sediments. hence. whole straia
deposited in Late Permian time (Raniganj Formation).

Key-words—Pulynostratigraphy. Correlation, Gondwana, Son-Mahanadi Graben.
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INTRODUCTION Orissa and has more or less a similar stratigraphic and tec-
. o tonic setting.
EOLOGY — The Mand-Raigarh Gondwana Basin is '
the north western continuity of the Ib-River Coalfield of The coal measures in Mand-Raigarh Basin. however, are
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exposed in three well defined patches due to erosion of the
overlying Kamthi rocks along the drainage of the prominent
rivers, as by Kurket and Kelo rivers about 20 km north of
Raigarh Coalfield, secondly Barakar rocks crop out by Mand-
River due to removal of Kamthi sediments towards north west
of Raigarh Coalfield (Raja Rao, 1983). Thirdly Barakar coal
exposed due to erosion of Kamthi sediments by drainage of
Keloriverand Bagadia Nala. All there coal bearing area, how-
ever. have common stratigraphic succession which is indicated
below:

Age Formation Lithology

Recent Alluvium, Soil. Laterite/
Gravel and Conglomerate.

Cretaceous Deccan Trap Basalt flows and dolerite.

to Eocene

Lower Permian to Kamthi Variegated sandstones with

Lower Triassic ~ Formation lenses with clay, Arnaceous
shale, clay beds, Carbonace-
ous shales and coal seams.

Barakar Coarse to medium grained

Formation  sandstones. grits, grey
shales and coal seams.

Talchir Diamictites, fine to medium

Formation  grained sandstones. olive
green shale, rythmities &
turbidites.
------------------------------- Unconformity-------==--=------on-nu-o-
Quartizites and red, hard,
fine grained sandstones and
Limestones.
------------------------------- Unconformity------=-=-=------=unuausov
Archaean Granitic gneisses, mica
schists, quartzites intruded
by pegmatites and quartz
veins.

THE PRECAMBRIAN BASEMENT

The Gondwana sediments rest unconformably over the
Precambrian basement comprising. Archaean rocks in the
northern part of the basin. The Proterozoic Cuddapah rocks
occur at place in the northern part,

l. Lundbladispora brevicula, Balme. 1963. BSIP Shde No. 12097.
2. Horriditrilites brevis. Bharadwaj & Salujha, 1964, BSIP Shde No.

12098.

3. Swiapollenites obliquus. Bharadwaj & Salujha. 1964 BSIP Slide
No. 12103.

4. Navalesporites spinosus, Sarate & Ram-Awatar. 1984, BSIP Slide
No. 12103.

. Rhizomaspora indica Tiwari. }965. BSIP Slide No. 12102.
Arcuatipollenites pellucidus (Goubin) Maheshwari & Bose, 1975.
BSIP Stide No. 12102,

(o]

PLATE 1

The Archaean rocks comprise biotic granite. sericite
chlorite schists, quartzites, mica dolerite quartz veins and
pegmatites.

TALCHIR FORMATION

The Talchir Formation occurs as a continuous strip along
the northern periphery of the basin. The contact with the
Archacan rocks is as erosional surface. The extent of Talchir
exposures around Dharmyaygarh, Sisringa, Rat Khand and
Laripani. Along the southern boundary discontinuous patches
of Talchir rocks crop out in the vicinity of Kharsia and further
southeast in the Sambalpuri Nala in South of Raigarh area. In
this Basin the clast of granite and gneisses, the tillite contains
fragments of banded hematite jasper breccia and pinkish, cur-
rent bedded quartzite and the bright coloured clasts are char-
acteristic of the tillites of the Mand Valley. A few of the clasts
are highly polished and striated.

The Mand-Raigarh Basin shows widespread development
of basal tillite pointing to advancement of ice from surround-
ing Precambrian uplands. The till fabric study points to a south
eastern direction of transport in the northern part (Bharadwaj,
1971), north western in the eastern and west-north westernly
in the southern part of the basin.

BARAKAR FORMATION

The Barakar Formation conformably overlies the Talchir
sediments and comprises crudely developed cyclic sequence
of arkose, grey shale, carbonaceous shale and coal seams.
The sandstones are greyish, white to milky white in colour
and are disposed as multi storeyed cross bedded units. They
consist of subangular grains of quartz and kaolinised felspars.
Based on gross lithology, the Barakar Formation can be broadly
sub divided into lower Barakar are usually coarse grained,
with predominance of Kaolinised felspar. The upper member
is more argillaceous sandstones and occur as thin unit.
Interlaminations of shales and siltstone are more frequent in
the Upper Barakar Formation. The megafossils assemblage—
Glossopteris indica, G. communis and Schizoneura sp. were
identified by Deshmukh 1965-66 from Saria Nala East of
Khargaon (Text-figure 1).

—

744, Fanipollenites perexiguus, Bharadwaj & Salujha, 1965, BSIP Slide
No. 12101.

8. Distriatites bilareris, Bharadwij, 1962. BSIP Slide No. [2099.

9. Verticipollenites secrerus. Bharadwaj, 1962, BSIP Slide No. 12100,

V0. Striatites tectus, Venkatachala & Kar. 1968, BSIP Slide No. 12099.

12, Parasaccites bilareralis, Tiwari, 1965. BSIP Shide No. 120938.

13, Swriatopodocarpites decorus Bharadwaj & Salujha. 1964. BSIP Slide
No. 12098.

15, Striamonosaccites ovatus. Bharadwaj, 1962, BSIP Slide No. 12098.

16, thisporites diplosaccus, Tiwari, 1968. BSIP Slide No. 12102
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Text-figure 1— Location mup of bore-hote RGP-7, Raigarh Coalfield, M.P.India

KAMTHI FORMATION

These sediments comprise dominantly coarse, friable,
porous, brownish to red sandstones. The sandstones are pro-
fusely cross bedded and contain pebbles of quartz up to 12
¢m in diameter. In the area north and west of Amaldiha, Carbo-
naceous shales interbedded with coal are found at places within
the Kamthi Formation. The megafloral assemblage—
Glossopieris sp., Vertebraria indica. and Schizoneura
gondwanensis have been found. The Kamthi beds exposed
north-west of Amaldiha also contain impression of

Glossopteris and Vertebraria.

MATERIAL AND METHOD

The bore-hole RGP 7 was collected from Mand-Raigarh
Basin, Madhya Pradesh. This bore-core passes lithologically
through the Raniganj Formation and also Barren Measures
Formation. Total 191 samples were collected from this bore-
hole from different lithologies (see Text figure 2). These sam-
ples were processed for palynological study by HF, HNO,
and Alkali treatment. The preservation of palynomorphs is
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Text-figure 2—Showing the lithologicul details ot samples from bore-hole
RGP-7, Munda-Raigarh Coulficld. M.P.

very poor in 50 samples. Only 10 samples have yielded
patynofossilsin countable numbers as shown in Text-figure 3
(Text-figure 3). On the basis of which percentage frequen-
cies of various palynotaxa have been plotted.

PALYNOLOGICAL ASSEMBLAGE
BORE- HOLE RGP 7

On the basis of quantitatively as well as qualitatively
analysis significant palynological assemblage have been iden-
tified (Text-figure 3). After palynological investigation | have
found the striated disaccate flora (Striatopodocarpiies and
Faunipollenites) is in prominance along with Alisporites,
Densipollenites, Scheuringipollenites, Rhizomaspora, Vertici-
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Text-figure 3—Histogram showing the percentage distribution of palynotaxa
in subsuface samples of B.H.No.. RGP-7. Mand-Raigarh Coalfield. Madhya
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pollenites. Crescentipollenites, Lunatisporites, Striatites,
Tiwariasporis etc. shows the Late Permian affiliation rather
than Barren Measures Formation (Depth from surface 12.00
10496.00 m). The above thick strata is classified into Raniganj/
Barren Measures according to lithology while here it is found
that palynologically similar palynoassemblage is continued
up to 4964 m).

COMPARISON WITH OTHER BASINS

The palynoflora from bore-hole RGP 7 designated here
to be Raniganj equivalent, resemble those of Upper Permian
from other basins (Bharadwaj, 1962; Bharadwaj & Tiwari,
1977; Tiwari & Singh, 1986; Tiwari & Ram-Awatar, 1989;
Srivastava, 1973, 1980: Srivastava & Anand-Prakash 1984;
Tiwari & Meena, 1989) in the prominance of striate disaccate
(Striatopodocarpites and Faunipollenites) are in prominance
along with Alisporites, Crescentipollenites, Rliizomaspora,
Verticipollenites, Striatites etc. The absence of Indospora,
Thymospora and Gondisporites and presence of
Densipolleniies, Arcuatipollenites further make that the
present assemblage is different from other basins beside the
results of Son-Mahanadi Graben (Tiwari & Ram-Awatar, 1989;
Meena, MS). The palynoassemblage is similar to the results
of bore-hole TP-9 and TP-10 from Talchir Coalfield, Orissa
and bore-hole results of IBH-6 and IBSH-6 from lb-River
Coalfield, Orissa (Meena, 1997) and it is also similar with
results of Johilla Coalfield reported by Tiwari & Ram-Awatar,
1989.

CONCLUSION

This bore-hole cross lithologically the Raniganj/Barren
Measures formations, while, the palynological data suggest
the whole sediments deposited in Raniganj period (Late
Permian time). The dominance of striated disaccate
palynoflora (Striatopodocarpites and Faunipollenites)
alongwith Alisporites, Densipollenites, Scheuringipollenites,
Rhizomaspora, Distriatites, Striatites, Crescentipolleniies,
Arcuatipollenites etc. shows the Late Permian affiliations rather
than Barren Measure, Formation.

Table 1—Showing the details of bore-hore RGP7 samples collected from
Raigarh coalfield.

Sample Depth in Lithology Remarks
no. m.

! 12.00 Grey shale ++
2 12.10 Silty shale _
3 14.14 Grey shale _
4 15.00 Sandy shale +
5 > 15.50 Grey silty sst. -
6 15.70 Grey shale -

7 16.00 —do— +
8 16.50 —do— -

9 16.90 —do— -
10 19.40 —do—

11
12
13
14
15
16

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

20.00
20.60
21.7

24.10
25.50
26.10
26.60
27.00
39.70
40.20
41.40
42.20
43.20
45.10
45.90
46.00
47.00
48.00
49.50
50.00
51.10
52.00
53.45
54.45
55.00
56.00
57.00
58.00
58.70
60.00
60.50
61.50

62.50
63.20
64.00
65.00
66.20
68.00
69.00
72.00
73.50
75.05
78.20
79.50
80.00
81.60
83.40
84.50
89.25
90.20
92.20
93.00
95.00
96.00
97.50
100.00
105.50
106.50
108.25
100

—do—
Sandy shale
—do—

—do—

—do—

Grey shale
—do—

—do—

—do—

Sandy shale
—do—

— do—

—do—

—do—

—do—

—do—

Shale with {ron band
—do—

—do—

—do—

—do—

Grey shale
—do—

—do—

—do—

—do—

—do—

—do—

Grey shale with sst.
Thin compact shale
Sandy shale

[ron content grey
shale lron sst.
Grey Shale
—do—

—do—

—do—

—do—

—do—

—do—

—do—

Grey hard shale
—do—

—do—

— do—

—do—

Grey shale
—do—

—do—

— do—

——do—

—do—

—do—

—do—

Grey shale & sst.
F. grain sst.& shale
Grey shale

— do—

—do—

—do—

—do—

+++
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71 112.00 —do— - 132 268.60 —do—
72 11415 —do— - 133 270.70 —do—
73 116.20 —do— + 134 276.10 —do—
74 119 Grey shale hard band + 135 277.30 —do—
75 120 Grey shale e+t t36 279.00 —do—
76 121 — do— _ 137 281.00 —do—
77 123 Grey shale & coal - 138 281.75 —do—
78 124 —do— + 139 283.15 —do—
79 195 Grey shale ) 140 284.00 —do—
80 126.50 —do— . H41 286.00 Coal
3 128.00 —do— . 142 288.35 Carb. shale
82 129.10 —do— . :jz fgzgg i’gis_h“‘e
83 129.80 —do— - et
34 132.10 —do— i 145 295.00 —do—
85 134.00 —do— ++ 146 296.00 Shale

i 147 297.50 Grey shale
86 13515 —do— : 148 304.70 —do—
87 142.70 —do— - 149 305.50 Coal
89 144.00 —do— * 150 307.50 Shale
90 146.00 —do— 151 314.00 Silty shale
91 147.20 —do— + 152 328.00 Black shale
92 149.30 —do— - 153 329.50 Micaceous sh.
93 152.00 —do— + 154 331.50 Sst.
94 154.00 —do— - 135 332,60 Grey shale
95 156.50 —do— +H+ 156 334.00 Coaly shale
96 159.50 —do— - 157 336.50 —do—
97 160.25 G. Sh + Coal streak - 158 339.50 —do—
98 162.00 Grey shale + 159 341.50 —do—
99 164.60 —do— - 160 347.00 —do—
100 165.50 —do— - 161 350.75 —do—
101 167.00 Sandy shale ++ 162 354.00 Silty Sst
102 168.00 —do— R 163 357.00 Coal streaks + sst.
103 169.50 Grey shale + 164 358.50 Sst.
104 175.50 — do— . 165 360.50 Sst.
105 177.65 C(Jl'b. shale 4+ 166 362.00 Black shale
106 183.75 Siltstone a 167 364.50 Black shale
107 187.00 Grey shale ) 168 365.50 Silty Grey shale
108 190.00 Couly streaks + 169 367.00 Grey shale
109 193.65 Grey shale i 170 368.00 B'luck shale
110 194 85 do— . 171 369.75 Silty shale
. 195 85 Carb. shale i 172 370.40 Coal streaks + Sst.
12 199.00 Grey shale I 37300 —do—

R : 174 374.00 —do—
113 201.00 Black sh + Coal 175 375.00 —do—
114 204.00 Bluck shale _ 176 382.00 Shale
115 204.50 —do— + 177 385.00 —do—
116 205.00 Grey shale - 178 188.00 —do—
117 206.70 —do— - 179 391.30 —do—
118 209.60 Coaly streaks + 180 392.30 —do—
119 212.00 Grey shale - 181 393.80 —do—
120 2206.00 —do— - 182 395.00 Bluck shale
121 233.00 —do— - 183 403.10 Shale
122 234.00 —do— + 184 405.00 —do—
123 237.80 —do— - 185 429.00 —do—
124 241.50 Sandy shale - 186 436.20 —do—
125 245.00 Black shale + 187 475.75 —do—
126 247.40 Black shale - 188 492.00 Shale + Sst.
127 249.30 Grey shale - 189 492.50 —do—
128 253.00 —do— - 190 496.60 —do—
129 254.50 —do— +
130 25920 Black shale ; * Barren Measures/Raniganj lithoboundry at 275 m.

134 263.00 Grey shale B Legend + = rare, ++ = common, +++ = rich, — = ubsent.
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ABSTRACT

Singh KJ & Chandra S. 1999. The plant of Neomariopteris hughesii (Zeiller) Maithy. Palaeobotanist

48(3) : 225-238.

An attempt has been made to reconstruct the plant of Neomariopteris hughesii based on fifty five hand

specimens collected from the Barakar Formation exposed near Brijraj Nagar Railway Station in the [b-River
Coalfield. Orissa. The limitations of this reconstruction have been realised by the authors as the main trunk
of the plant and the fertile structures are not recorded from this very location, however, combined evidences
put together from other sources as well suggest that this fern plant could be a small wree based on branched
stems of considerable length and width rather than a usual prostrate fern habit. An up 1o date list of all the
specimens recorded under the genus Neomariopieris and its six species by various workers from different
localities and formations of India has also been given,

Key-words—~Neomariopieris hughesii, Reconstruction. Pinnae, Pinnule, Rachis, India.
qrid
frefafarefea giwrs (i) #sdt & drar
FHeeia g ud Qg

I F 3@ Tol BEA AT T F TR T RIF & he FERT aueRd Ay 4 §ER 55
BRI MEdl & AR W FAERGTRRT iR & A8 @ gIEal & H U6 TS R 0T 3q gaE
% [0 el Pl A STl 1 A A 981 i N F e T qy 39 @A 38 dieid
d Jiferd TR 1 S A, T A Al § A Tl @ qgE A 4 gdd e e 6 og qein @
G FF @Y 3¢ @1 M, St e qgl | enfad ddl O SfadneEd eN ddl 48 A AT g
F I T e 2 sRa @ i dfeledl @ 0w e e b oar 6 sl F ot
feafarefeg 49 & Ak oifed meem @ e gdl f & i 7

INTRODUCTION

UR knowledge on the morphology and anatomy of

filicalean group of plants from Permian of Gondwana
has significantly improved during the last two decades (Gould,
1970: Maithy, 1974, 1975, 1977; Pant & Misra, 1976, 1977,
1983: Pant & Khare, 1974; Galtier & Taylor 1994). Detail
studies on the morphology and the fertile parts of Permian
Gondwana ferns established the differences between south-

ern & northern forms hence placed under new generic and
specific names. Of such forms Neomariopteris was proposed
by Maithy 1974 for fern fronds having sphenopteroid vena-
tion, decurrent pinnules and winged rachis. In subsequent year
{1975) he also recorded fertile pinnules, sporangium and spore
types of the genus Neomariopteris and emended his own di-
agnosis. Later, Pant and Khare (1974) instituted Damudopteris
10 accommodate sphenopteroid ferns based on the same
lectotype specimen of Feistmantel 1880. On the basis of pri-

© Birbal Sahni Instite of Palacobotany. India
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ority Damudopteris is recognised as a junior synonym of
Neomariopteris.

Though the fern genus Neomariopteris is recognized by
six species viz., N. polymorpha (Feistm.) Maithy, N. hughesii
(Zeiller) Maithy, N. lobifolia (Morris) Maithy, N. ralchirensis
Maithy. N. khanii Maithy and N. barakarensis Srivastava, no
attempt has been made to reconstruct the plant for any of the
species under this genus. Of the six species of this genus, N.
hughesii is the best understood and most commonly occur-

QN
ring species in the Permian strata of India. o g A\ N \\\\
A fresh collection of impressions and casts from the pec o
Middle Permian beds in Ib-River Coalfield has enabled us to e ]
. iy , . . [Z= varenn BARAKAR  FORMATION (73] Precanoaan
reconstruct the plapt of Neqmnnoplez is huglzesu (Text-fig- [ wavr comanion et FoRmation e
ures 1, 2). Observations on this species by various other work-
ers have also been incorporated for such an attempt. Text-figure 1—Geological map of IB River Coalficld. District Sambalpur.
Orissa showing the fossil site.
PLATE-1 N
1. Part of stem cast of Neowmariopteris hughesii (Zeiller) Maithy showing smooth surface. x 1.5, B.S.1.P. Specimen number 36870.
2. Broader portion of stem cast showing longitudinal striations and also (wo branches coming out of the stem indicated by arrows marks. x 1, B.S.[.P.
Specimen number 36871(A).
3. Another stem specimen of N. furghesii with a distinct branch of equal width shown by arrow. x 1, B.S.LP. Specimen number 36872.
4. Widest stem cast specimen in the collection with longitudinal striations on the surface. x 1, B.S.I.P. Specimen number 37364.
PLATE-2 N
l.  Stem cast specimen of Neomariopteris hughesii with longitudinal striations on the surface. x 1. B.S.I.P. Specimen number 37365.
2. Three pinnae with less lobed pinnules having sphenopteroid venation, appears to be from the terminal portion of the branch. x 1.5, B.S.1.P. Specimen
number 37366.
3. Another cast of the stem portion of the plant ol considerable length. x 1, B.S.I.P. Specimen number 37367.
4. Pinnules showing distinct serrate margins and distinct sphenopleroid venation. x 2. B.S.I.P. Specimen number 37368(A).
PLATE 3 N

! Stem cast of Neomariopieris hughesii shown still embedded in the sediment. x 1 B.S.I.P. Specimen number 37368(B).
2-5. Pinnae with pinnules showing serrate margins and sphenopleroid venation in various specimens. 2-x1.5: 3-5-x 2,. B.S.I.P. Specimen numbers from 2-
S - 37369, 36871(B), 37370 and 37371 respectively.

PLATE 4 -

I & 2. Cast of rachis of the plant of Neomariopteris hughesii with three branches shown by arrows. Longitudinal striations on the rachis are distinctly
seen. x 1. & x 2 respectively. B.S.ILP. Specimen number 37372 (Both the figures showing the same specimen).

PLATE S —_—
l. Secondary and tertiary branching of rachis of Neomariopteris hughesii |, branches indicated by arrows. Pinnae with pinnules showing distinct
sphenopteroid venation. x 1.5, B.S.I.LP. Specimen number 37375.
2. Terminal portion of frond with sub-opposite branching. x 1.5, B.S.I.P. Spectmen number 37376.

3. Pinna with serrate pinnules showing distinct sphenopteroid venation. x 2. B.S.[.P. Specimen number 37377.
PLATE 6 N
1. Thesspecimen of Neomariopteris hughesii showing two branches attached alternately on the ruchis with pinnae. serrate pinnules with distinct
sphenopteroid venation. x [.5, B.S.I.P. Specimen number 37378.
2. Two pinnae attached on the rachis, appears to be from the apical portion of the frond. rachis and venation are preserved in the form of cast, laminar
portion of pinnules are preserved as impression. x 2, B.S.I.P. Specimen number 37379.
3. Pinnae shown attached to rachis alternately. x1.5. B.S.I.P. specimen number 37380.
4. Another specimen of Neomariopieris hughesii showing branching pattern of pinnae and rachis attachment. Pinnules arc preserved as impression and

their venation as cast. x 1.5. B.S.[.P. Specimen number 37381.
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MATERIAL AND LOCALITY

The fern specimens were collected from the surface out-
crop of the Barakar beds exposed in the Ganga Nagar Nala
Section near Brijraj Nagar Railway Station in the lb-River
Coalfield, District Sambalpur, Orissa (Text figure 1). The to-
tal length and width of the collected site is about 3 x | m. The
55 specimens of fern pinnae and pinnules are preserved as
impressions on pinkish yellow, fine to coarse grained shales
and the stems and petioles of the fronds as cast. Anatomical
studies of these stems and petioles could not be made as the
internal structures are not preserved. All the fern pinnules are
sterile and no fertile structures are seen preserved. Just a few
meters from this fern fossil site, vertically and diagonally pre-
served in-situ Vertebraria axes are also collected. These are
the only two fossil forms recorded and collected from this
Middle Permian locality. All the fern specimens are depos-
ited at the Museum of the Birbal Sahni Institute of
Palaeobotany, Lucknow.

SYSTEMATICS

Order—FILICALES
Family—DAMUDOPTERIDACEAE Pant & Khare
Genus—NEOMARIOPTERIS (Feistmantel) Maithy
NEOMARIOPTERIS HUGHESII (Zeiller) Maithy

(PL. I, figs 1-4; PL. 2, figs [-4; P1. 3, figs 1-5; P1. 4, figs |-
2; PL.5, figs 1-3; PL. 6, figs 1-4; Text-figs 1, 2, 3 & Table-1)

Of the 55 hand specimens, 12 are casts of stems and peti-
oles and the other specimens are impression of pinnae and
pinnule fronds. Some of the specimens are tripinnate and
bipinnate fronds. The longest stem is 12 ¢cm and length of
other stems vary between 3.8 to 11.5 cm. The widest stem
castis 3.2 cm (Pl 1, fig. 4) and the width of other stems vary
between |.3cmto2.8cm (Pl . 4, fig. I; Pl. 1, figs 1,2,3;PL.2,
figs. 1, 3). The maximum preserved thickness of these casts
of the stems or petioles is 8 mm. The surface of all the pre-
served stem casts show longitudinal striations (PI. 2, fig. I;
PL. 5, fig. 1), in some of the stems the surface is rough (PI. 1,
figs 1-4; P1. 2, fig. 3; P1. 3, fig. 1). The rachis width is between
I - 2.5 mm with a narrow wing. The secondary branches are
arranged alternately (Pl. 6, figs | & 3; PL. 5, fig. 1) and some-
times sub-oppositely (Pl. 5, fig. 2) on the primary stems. The
pinnae are generally linear in shape measuring 2 -3.9 ¢cm in
length, becoming smaller towards apex side of the plant. The
pinnules in general have serrate margins and show typical
sphenopteroid venation as mentioned by Maithy (1974). De-
tails of epidermal features of the pinnae and fertile structures
including sporangia and their spores have been investigated
by earlier authors (Pant & Khare, 1974; Maithy, 1974, 1975)
and are incorporated in our studies. The details are not dis-
cussed here to avoid repetition.

RECONSTRUCTION

As evidenced by the repeatedly branching stems of con-
siderable length and width of common occurrence in the
sediments, the plant of Neomariopteris hughesii must have
had an upright self supporting habit with elongate tapering
stem and closely adpressed relatively large petioles with stout
rachises bearing vegetative pinnae. The reconstruction draw-
ing of the plant is marked to indicate fossil evidences as shown
by the photographs (Text figure 2). The reconstruction (Text-
figure 3) is based mainly on the large size of branched stems,
occurrence of several pinnae on the rachis and large size of
pinnae and pinnules. The ferns with usual prostrate habit do
not possess branched stems. The main stem part or the trunk
of this plant is missing. The authors have collected several
fern specimens from various Permian formations of Indian
Gondwana during last several years but have never come across
such branched stems in any of the fern species nor has been
recorded by any other author (see Table 1).

The consistently occurring fern parts at Ganga Nagar Nala
Section suggest that the plants of Neomariopteris hughesii
were growing together as a “fern glen” during moist, humid
and warm temperate climate of Barakar time period suitable
for fern growth, although the pinkish yellow colour of the
sediments suggests adverse conditions of dry climate. Similar
conditions of red buff coloured shales also show luxuriant plant
growth during Late Permian at Handapa in Talchir Coalfield
in Angul District of Orissa. Colour of the sediment, therefore,
need not in every case indicate the climatic conditions. Abun-
dance and the luxuriant plant growth certainly proves to be
more reliable climate indicator. Absence of any other plant
type, except for pieces of fragments of Glossopteris leaves
from these beds, can not be explained. The only other possi-
ble explanation could be that this particular fern plant got pre-
served at the same place where they were growing and there
was no chance for other plants to grow at the same site be-
cause of the thick vegetation of fern plants. Stmilar such con-
ditions of in-situ preservation are also reported for Vertebraria
axes preserved a few meters away from Neomariopteris
hughesii fossil site.

The absence of attached or obviously associated repro-
ductive structures among the vegetative pinnae suggest that
this plant may have reproduced primarily by vegetative means
under favourable conditions of Barakar swamps as many
modern ferns do and produce spores only when conditions
were poor and unfavourable.

It is considered, on the basis of large size and greater
number of fern plant specimens, that ferns were also impor-
tant and dominant constituent of Barakar coal forming flora
along with Glossopteris species, at least it is so in Ib-River
Coalfield. Skaaripteris minuta Galtier and Taylor 1994 from
Permian of Antarctica is considered as a sub aquatic scram-
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Text-figure 3—Reconstruction of the plant of Neomariopteris hughesii (Zeiller) Maithy.
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Table 1—Distribution of various species of Neomariopteris (Sphenopteris) in Lower Gondwana of India

Species

Author(s)

‘ Formation

Age

Locality

{E.IN.

Neomariopterts
barakarensis, Srivasiava.

1978

Srivastava, 1978. Barakar Fm.

Middle Permian

Churulia fire clay pit. Auranga Coalfield, Bihar

2. |Neomariopteris hughesii Muaithy, 1974, Barakar Fm. Middle Permian  |Churulia pit. East Raniganj coalficld. West Bengal
(Zeiller) Maithy, 1974
j {Dicksonia hughesii) Feistmantel, 1881 Raniganj Fm.  |Late Permian Jharia Coaifield, Bihar
| (D. hughesii) Feistmantel, 1882. \R;migunj Fm. |Luate Permian Sohagpur area, Mudhya Pradedsh
\; (Sphenopreris lu_lglwsii) Zeiller. 1902. lR:lﬁi_galnj Fm. |Lat Permian Raniganj Coalfield, West B_cn? ]
' (S. hughesii) Maheshwari & |_Burukzlr Fin. Middle Permian | Tauitola, Bansloi Valley. Rajmahal Hills. Bihar
Prakash, 1965.
| 7(5. hughesii) Maheshwari. 1966, | Barakar F. Middle Permian | Tuuitola, Bansloi \/allrey. Rajmahal Hills, Bihar
B (S. hughesii) Kar. 1968. Barren late Permian Katri Nala. Jharta Coalfield, Bibar
L Mcasures

(Sphenopreris polymorpha)

Khan, 1969.

lKumlhi Fm.

Late Permian

Handapa Village, Angul District Orissa

(S. polyvmorpha)

Kultkami, 1970.

Burukar Fm.

Middle Permian

Saunda Section. South Karanpura Coalficld. Bihar

Neomariopieris lughesii

Maithy. 1975.

Raniganj Fin.

lLate Permian

Raniganj Coalfield. West Bengal

N. hughesii Srivastava, 1977. Karharbari Fm. |Early Permian Auranga Coalfied, Bihar
]- N. hughesii Chandra & Prasad.  [Kamthi Fin. Late Permian Kanhargaon Villuge, District Chandrapur, Madhya Pradesh
198t
| N. hughesii Lele. Maithy & [Rzmiganj Fm. |Late Permian Searsole Colliery, Raniganj coalfield. West Bengal
| Mandal, 1981
v‘ N. luighesii Srivastava & Raniganj Fm.  |[Late Pernmian Damodar Colliery. Raniganj Coalfield. West Bengal
L» Chandra, 1982.
N. hughesii Chandra & Rigby. [Kamthi Fm. Late Permian Hinjrida Ghati near Hundapa Village. Angul District. Orissa
1983.
1
[ N. hughesii Chandra, Srivastava |Raniganj Fm.  |Late Permian Marhwas area, Sidhi District Madhya Pradesh
L & Singh, 1990.
} N. hughesii Tewari., 1994 Raniganj Fm.  |Late Permiun Bhatdih Colliery. Jharia Coalfield. Bihar
N. hughesii Srivastava & Barakar Fin. Middle Permian  |Tubed Arca (Sukr river Section) and Sikni Open Cast Minc.
| Tewari, 1996. Auranga Coalfield. Bihar
N. lughesii Tewari & ~ [Barakar Fm. Middle Permian  |Kusunda area, Jharia Coalfield. Bihar
Srivastava, 1996.
N. hughesii Singh & Chandra. | Barakar Fm. Middle Permian  {Gopal Prasad Village. Talchir Coallield, Angul District.
1996. | Orissa
| 3. |Neomariopteris khanii Maithy. 1977. Kamthi Fm. Late Permian Hinjrida Ghati near Handapa Village. Angul District. Orissa
| Maithy, 1977 |
! N. khanii Chandra & Rigby. TKamthi Fm. Late Permian Hinjrida Ghati near Handapa Village. Angul District. Orissa
| 1983. ‘
b
Neomariopreris ¢f N. khanii |Prasad, Shukla & TDubrujpur Fm. |Late Permian Khatngi Hills. Pachwara Coalfield, Rajmahal Hills. Bihar
L Muithy. 1987, |
4. |Neomariopteris lobifolia Maithy, 1974. Raniganj Fm.  |Late Permian Mahavir Colliery. East Raniganj Coalficld. West Bengal
(Morris) Maithy, 1974
- - ——— - — "
(Sphenopteris lobifolia) Srivastava, 1955, Raniganj Fm.  [Late Permian Raniganj Coalfield, West Bengal
i (S. lobifolia) Maheshwari & Barakar Fm. Middle Permian | Tattitola. Bansloi Valley. Rajmahal Hiils. Bihar
| Prakash, 1965.
—
Neomariopteris of. N. Bose. Banerji & Panchet Fm. Early Triassic Ledho Nala near Karamdiha Village, Ramkola - Tatapani
[ lobifolia Muaithy. 1977, Coalfield. Sarguja District. Madhya Pradesh
N. lobifolia Prasad. Shukia & Barakar Fr. Middle Permian  jAmjhari, Bansloi River, Pachwara Coalfield. Rajmahat
L Muaithy. 1987. Hills, Bihar
5. |Neomariopieris polvmorpha |Maithy, 1974 Raniganj Fm. Late Permian Raniganj Coalfield. West Bengal

(Feistmantel) Maithy. 1974

T

(Sphenopreris polvmorpha)  |Feistmantel, 1876, {Raniganj Fm. Late Permian Raniganj coalfield. West Bengal
(S. polyvmorpha) Feistmantel, 1879.  |Karharbari Fm. [Early Permian Lumki Hills, Giridih Coalfictd. Bihar
| (8. polvmorpha) Feistmentel. 1880.  |Raniganj Fm. Late Permian Sitarampur. Raniganj Coalficld. West Bengal
(S. polymorpha) Feistmantel, 1882, [Raniganj Fm.  [Late Permian Kurabar, Karkati and Malhadu, Shadol District. Madhya
Pradesh
(S. polymorpha) Bandyopadhya. Barakar Fm. Middle Permian  |Palasthali, Raniganj Coalfield, West Bengal
1959.

(S. polvimorpha)

Bhattacharyya,
1959.

— T
Raniganj Fm.

Late Permian

Jagaldaga, Patamau Distriet, Bihar
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S.N. Specics

Author(s)

Formation

Age

Locality

(S. polvmorphu)

Mehta & Anadalwar,
1960.

Burakar Fm.

Middle Permian

East of Patrapali, Ib River Coalfield. Orissa

(S. polvmorpha)

Lele. 1962,

Pali Fm.

Late Permian

Salaia, Shadol District, M.P.

(S. polvmorpha)

Suksena, 1962,

Pali Fm.

Late Permiun

Karkati. Shadol District, M.P.

(S. Polymorpha)

Bhittacharyya, 1963.

Barakar Fin.

Middle Permian

Churulia hiereclay pit, Auranga Coulfield. Bihar

(S. polvmorpha)

Sen-Gupti. 1965.

Raniganj Fm.

Late Permian

East Bokaro Coulfield, Bihar

(S. polvmorpha)

Biswas. 1966.

Raniganj Fm.

Late Permian

Churulia area. Raniganj coalfield. West Bengal

(S. polvmorpha)

Muaheshwari. 1966.

Burakur Fm.

Middle Permian

Tattitola, Bunsloi Valley. Rajmahal Hills, Bihar.

(S. Polvmorpha)

Roy & Bhattucharyy
1967.

Barakar Fm.

Middle Permiun

Ekudel. Talchir coallield, Orissa

(S. polvimorpha)

Vimal & Singh, 1968.

Pali Fm.

Late Permian

Kurkati, Shadol District, M.P.

(S. polvimorpha)

Khan. 1969.

Kamthi

Late Permian

Hinjrida Ghati near Handapa Village, Angul District

Orissu

(S. pymorpha)

Kulkami. 1970.

Burakar Fm.

Middle Permian

Kakkari inctine, South Karanpura coalfield. Bihar

Neomariopteris
polvmorpha

Chitnis & Vagyani,
1979.

Kamthi Fm.

Late Permian

Satnavar Querry, Nagpur District, Mahurashira

(Damudopteris
polymorpha)

Pant & Khare, 1974.

Runigunj Fm.

Late Permian

Raniganj Coalfield, West Bengal

N. polymorpha

Srivastava & Chundra,

1982.

Raniganj Fm.

Late Permian

Searsole Colliery. Runiganj Coalfield. West Bengal

6 |Neomariopteris

Maithy. 1974.

Buarakar Fm.

Middle Permian

Junction of Lobjec and Sadabaha, Daltonganj Coalfield.

\{adchirensis Maithy, 1974 |
(Cvathea sp. ef. C.
tchitiaicheffi)

7Fcislmuntcl, 138] . Barakar Fm. o

Middle Permian

Bihar

(Sphenopteris Feistmantel, 1876. Ruaniganj Fim.

polvmorpha)

Late Permian

Ranigunj Coallicld. West Bengal

Maithy. 1969. Karharbari Fm.

(S. polvmorpha)

Early Permiun

Daltongaj Coalfield, Bihur

bling or prostrate fern, based on petrified material.

The combined evidences lead us to believe that amongst
many fern types of the Gondwana some may have a small tree
habit as is envisaged for Neomariopteris hughesii rather than
usual prostrate type. The only other fern with small tree like
habit reported is Palacosnunda tfrom Late Permian of Queens-
land, Australia (Gould, 1970).

Acknowledgement—Authors thank Shri Pramod Kwnar Bajpai
Jor inking the reconstruction of the fern plant.
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ABSTRACT

Mandaokar BD 1999. Occurrence of palynofossils from the Tirap River section (Disang Group), Tinsukia

District, Assam. Palaeobotanist 48(3) : 239-243.

Disang shale exposed on the Tirap River section yielded 23 genera and 24 species of palynomorphs.

The palynoassemblage is dominated by pteridophytic spores and angiospermic pollen grains. whereas
eymnospermic elements are rare . The presence of Striatriletes, Polypodiisporites, Schizaeoisporites.
Siriacolporites, Lakiapollis, Tricolpopollenites, Phragmothyrires and Inaperiisporites suggests an Eocene
age to the assemblage.

Key-words—Disang. Palynomorphs, Flysch. Eocene. Assam.
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INTRODUCTION

ALYNOLOGICAL studies on the Tertiary sediments of

Assam and adjoining regions go back to almost half of
the century. Such studies were linked to the oil exploration
activity in the region. A large number of surface, subsurface
and road cutting samples were studied by ONGC. Evans (1932,
1964), Mathur & Evans (1964), Dasgupta (1977), Raja Rao
(1981) and Rao (1983) worked on the geology of Assam and
adjacent regions. Sah and Dutta (1966, 1968) and Dutta and
Sah (1970) also worked on this area. Kar (1990) reported
palynotaxa from Silchar- Haflong road section. Kumar (1994)

described marine palynofossils comprising dinoflagellate
cysts, acritarchs and reworked palynomorphs from the same
sections.

The Disang shale is about 4000 m thick and so far gener-
ated insufficient palynological data. The purpose of this study
is to decipher the age of this thick clastic Tertiary section of
eastern Assam by using reliable palynological fossils. The
investigation is mainly concerned with Disang deposits which
are spread in southern part of Makum Coalfield, Assam. Thirty-
five samples of dark grey. black, splintery. greyish shales.
siltstone, fine grained sandstone, brownish clay and tough grey

© Birbal Sahni Institute of Palacobotany, India
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sandstone were collected from Disang shale, a section ideally
exposed on eastern bank of the Tirap River (Text-figure 1).
The overlying and undertying sediments are made up of grey
carbonaceous shale and total thickness of the exposure is about
35.5 m. These samples were chemically processed to isolate
pollen-spores following usual maceration technique. The ma-
terial is quite rich in palynofossils. The slides were prepared
in polyvenyl alcohol and mounted in canada balsam. Identifi-
cation, counting and photodocumentation of specimens were
done with BH, Olympus Research Microscope.

GEOLOGICAL SETTING

The members of this group are seen in the section of
Khasi Hills, Meghalaya and Tirap River southern part of the
Makum Coalfield, Assam (Text-figure 1). The uninterrupted
Disang sediments were studied on the Tirap River section in
an open cast quarry. This field lies between the latitudes 27°
17" and longitudes 95° 52". It is along the outermost flank of
the Patkoi ranges. The outcrop of the Tirap River section is a
long narrow arm like extension over 160 km in length con-

INDEX MAP

tinuing south west ward along the foot hills of Barail range.
The sediments comprises unfossiliferous, grey slaty sandstone
and slaty arenaceous shales diping at about 45° and appar-
ently cover by Barail Group. The slaty cleavage being almost
invariably parallel to Patkoi range. One of the shale was ob-
served to be carbonaceous and a few poorly preserved uni-
dentifiable lamellibranches were found. The Disang sediments
are described to be similar to those of Kopili Formation. The
contact between Disang Group and overlying Barail Group is
gradational. The regional framework of the Tertiary sediments
as indicating by Raja Rao (1981) is tabulated below.

PALYNOASSEMBLAGE

Palynoassemblage recovered from Disang of the Tirap
River section encompasses 24 identifiable species and 23 gen-
era. A check list of 24 different species of pteridophytic,
angiospermic, gymnospermic and fungal spores are listed in
Table 2.

The genera restricted to Disang shales are usually found
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Text-figure 1— Geological map of the Makum Coalfield, Assam.
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Table 1—Showing sequence of Cenozoic rocks in Makum
Coalfield, Assam (after Raja Rao, 1981)

Table 2 — Spores and pollen taxa recovered in the (Disang)
Tirap River section Assam

Group  Formation Thickness Rock types Fossil taxa
Recent/ Dihing 1800 m Mostly pebbly sand-  Siriatriletes susannae van der Hammen emend. Kar, 1979
Pliocene stone with thin greyish  Palypodiaceaesporites tertiarus Sah & Dutta, 1968
clay beds. Polypodiaceaesporites chatterjii Kar, 1979
------------------------------ Unconformity--------=---=-v--m-oec-w-- Deltoidospora minor Miner, 1935
Mio/ Namsang 800 m Fine to coarse grained Gleicheniidites senonicus Saxena, 1978
Pliocene Formation sandstone with bands  Lycopodiumsporites globatus Kar, 1985
of clay. Dictyophiyliidites dulcis Kar,1985
______________________________ T e St A —— Cyathidites minor Couper, 1953 '
Tipam Group Po[ypodus;.aonle.‘y .repana’us ”l.akahashl, 1964
Miocene i) Girujan 1800 m Mottled clay with {I‘lll‘.(l])llllC.‘IIS[)OII‘IS m.lrapuncns Krutzsch, 1959
. . . Todisporites giganticus Mandaokar, 1987
clay greyish soft sandstone. ) : .
. . . . Schizaeoisporites phaseolus Delcourt & Sprumont, 1955
D Tipam  2300m FGHUngUS’ fxpe to Triporopollenites exactus Salujha, Kindra & Rehman, 1972
Sandstone coarse gralned.mlcuce- Striacolporites striatus Sah & Kar, 1970
ous to felspathic sand - Palniidites maximus Couper, 1953
) stone. Dracaenoipollis circularis Sah & Kar, 1970
"""""""""""""""" Unconformity-------------mooemmoeoee Palmaepollenites kutchensis Venkatachala & Kar, 1969
Barail Group Magnamonocolpites plicatus Kar, 1985
Oligocene iii) Tikak 600 m Greyish to yellowish  Lakiapollis ovatus Venkatachala & Kar, 1969
Parbat white sandstone, sandy  Podocarpidites khasiensis Dutta & Sah, 1970
Formation shales with coal seams. Piceapollenites excellensus Kar, 1985
ii) Baragolai3500 m Greyish to bluish grey  Pinuspollenites crestus Kar, 1985
Formation yellowish red mud-  Phragmothyrites eocaenicus Kar & Saxena, 1981

stone, shale, sandstone,
carbonaceous shales
and thin coal seams.

i) Naogaon 2200 m Compact fine grained,

Formation dark grey sandstone
with sands of splintery
shales.

Eocene  Disang 4000 m Grey to dark grey
Group splintery shales, iron

stained and sandy shale
with thin partings of
compact quartzitic
sand-stones.

associated with the Eocene assemblages (Sah & Kar, 1970;
Sah & Dutta. 1966; Dutta & Sah, 1970; Kar, 1985). Kar (1990),
studing the outcrop from Haflong-Silchar road of North Cachar
Hill, Assam suggested an Eocene age. Striatriletes van der
Hammen emend. Kar (1979) reported from the various Terti-
ary sediments. The oldest record of this taxon is from Mid-
dle-Late Eocene of Kutch by Kar & Saxena (1981).
Venkatachala et al. (1989) reported the distribution of differ-
ent Palaeocene - Eocene marker palynotaxa in India and Af-
rica. According to them the genus Lakiapollis having an af-
finity to modern pollen of Durio is found in Palaeocene -

Inapertisporites kedvesii Elsik, 1968

Eocene strata from Kerala, Kutch and Meghalaya. Fossil
spores showing affinity to lycopodium are generally accom-
modated in Lycopodiumsporites Thiergart ex Delcourt &
Sprumont (1955). This genus is one of the most common ele-
ments in Patacocene-Eocene of north-east India and is known
to occur since Palaeozoic. The potypodiaceous spores from
the Indian Tertiary sediments are mostly known as
Palypodiaceaesporites Thiergart (1940), Polypodiisporites
(Potonie’, 1934). These genera are encountered in Palaeocene-
Eocene in good percentage. The palynological assemblage and
ratio of the basic groups of pteridophytic, angiospermic, and
gymnospermic pollen indicate a Late Eocene age. The major-
ity of the taxa are known from Late Eocene although some of
them are known from Palaeocene to Miocene. The presence
of Striatriletes, Polypodiisporites, Gleicheniidites, Lakiapollis,
Polypodiaceaesporites, Lycopodiumsporites, Striacolporites,
Intrapunctisporis together with palm pollen strengthen this
assumption.

PALYNOFLORAL COMPARISON

Kar (1990) reported a rich palynoflora consisting of 26
genera and 28 identifiable species from the Silchar-Haflong
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Text-figure 2 — Showing spore-pollen frequency tied to litholog of Tirap
River section.

road, Assam. The palynotaxa common to Silchar-Haflong road
and the present Tirap River section (Disang assemblage) are
Striatriletes, Polvpodiaceaesporites, Polypodiisporites,
Podocarpidites, Pinuspollenites, Piceapollenites and
Phragmothyrites. The palynotaxa present in the Silchar-
Haflong but absent from the present palynoassemblage are
Lygodiumsporites, Psiloschizosporis, Klausipollenites,
Taeniasporites, Hamiapollenites, Neocouperipollis,
Margocolporites, Pellicieroipollis, Palaeomalvaceaepollis,
Parmathyrites, Notothyrites, Diporisporites and?
Sumatradinium sp. The palynotaxa present in the Tirap River
section, Disang shale Assam but absent from the Silchar-
Haflong road section are; Delioidospora, Gleicheniidites,
Schizaeoisporites, Striacolporites and Magnamonocolpites.
A comparative study reveals that the Silchar-Haflong road
section and the present Tirap River section are mostly compa-
rable gpalitatively.

The fragmentary vegetal matter comprising thin lenses
of coal are occasionally found in carbonaceous shale and gritty
greywacke sandstone of Baratang Formation, Andaman.
Chatterjee (1967) divided the terrigenous flysch sediments of
main Andaman Island into Baratang and Port Blair forma-
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tions. The occurrence of palynofossils from Cretaceous to
Early Cenozoic foramirifera, nannofossils and coccoliths are
known from the same sediments. Banerjee (1966, 1967),
Mathur & Mathur (1980), Mandal et al. (1994, 1996) recorded
very few palynofossils from these sediments. Only palynotaxa
common to the Baratang Formation, Andaman and the Tirap
River section are; Polypodiisporites, Cyathidites.
Dictyophyllidites and Gleicheniidites. A comparative account
shows that the Andaman and the present assemblage is not
comparable qualitatively and quantitatively, but closely com-
parable on the basis of lithology as the present outcrop con-
sists of turbidite sequence with dark grey shale, greywacke
sandstone and some thin limestone deposited under deep sea
water environment.

DISCUSSION

Interpretation on depositional environment is broadly
based on the available lithological and palynological infor-
mation mainly obtained from the Tirap River section. The
Disang Group consists of 4000 m thick sequence of greywacke
sandstone and shale showing the features of turbidites. Evans
(1964) suggested that the provenance of flysch type of
sediments might be a land mass lying to the east of longitude
89° 30" in the castern Himalayas. Raju (1968) however. sug-
gested that part of detritus derived from the geanticline as well
as from peripheral shield area. During this phase of
geosynclinal development in the Naga- Lushai belt. submer-
gence of the platform area is a part of Shillong Plateau and
Upper Assam gave rise to shelf deposits of the Sylhet Lime-
stone. The palynofloral distribution is intimately linked with
lithofacies. The observation pertaining to their palaecoecology
are of considerable use but present sediments are not related
to the shelf carbonate clastic deposits of Khasi and Jaintia
hills.

The Disang Group consists of lenticular bodies of cross
bedded sandstones, local lenses of conglomerate and lami-
nated red shale and mudstone exhibiting fining upward cy-
cles. In Priabonian palynoflora predominated by Palm polien
mainly belonging to a riparian communities. These deposits
are interpreted to have been laid down in a coastal environ-
ment. Rich fern association, viz., Striatriletes.
Polypodiaceaesporites, Dictyophyllidites, Gleicheniidites,
Intrapunctisporis are present namely in inland basin. There is
very little information from the Disang shale. The rocks are
almost barren, only dinoflagelfate cysts, acritarch and few
polien grains were recovered (Arun Kumar, 1994). Most likely
these sediments were deposited in the inner shelf marine en-
vironment close to the shore. To the end of Priabonian. the
development of conifers like Piceapollenites, Podocarpidites
and Pinuspollenites are striking. Thus the change of climate
is not only testified by a higher share of conifer but also by
their taxonomic composition. These pollen were recorded in
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Upper Priabonian/Lower Oligocene sequence in Carpathian
Palacogene (Snopkova. 1980). These taxa imply colder cli-
matic oscillation and the beginning of a gradually cooling
trends. The overlying Disang sediments is mainly composed
of coarsening upward succession of carbonaceous shales, in-
cluding thin stringes of coal. interbedded siltstone, shale and
white reddish cross bedded sandstone, interpreted to the de-
posits of delta distributary channel in the proximity of shore
line. The overall sequencial trend to be transgressive through
time and space.

CONCLUSION

1) On the basis of palynological assemblage the sequence
assigned to Late Eocene age.

2) A correlation ol the Silchar-Haflong road section was
made with the present one situated 240 km south-west
ward on the basis ol palynofossils.

3)  Rich fern association is present namely in inland basin.
The palynoflora suggests a humid and tropical climate
with plenty of rainfall during the deposition of these
sediments.

4)  Theterrestrial elements are mainly represented by saccate
gymnosperm of Pinaceae and spores of Gleicheniaceae.
Angiosperm pollen are mostly corroded .

[t seems that these pollen were carried by water currents
to a long distance and finally deposited in a deep brackish
water {flysch) sediments.
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ABSTRACT

Ambwani K 1999. Investigations on a fossil agavaceous axis from Neyveli Lignite, Tamil Nadu. India.

Palaecobotanist 48(3) : 245-250.

Further anatomical observations on a fossil agavaceous axis from Neyveli lignite Mine-1. Neyveli,

Tamil Nadu show the presence of anomalous secondary growth with amphivasal vascular bundles as well as
other cell inclusions such as raphides. Simple perforation in the fossil vessel end plates suggests an ad-
vanced character of the plant. Association of monosulcate reticulate pollen (cf. Liliacidiies) in the same axis
further supports its affinities with Liliaceae.

Key-words—Fossil axis, Anomalous secondary growth. Raphide. Agavaceae, Neyveli Lignite, India.
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INTRODUCTION

HE family Liliaceae is one of the largest families of

Monocotyledonae distributed widely in warm tropical
regions. Some taxa of this family also grow in temperate cli-
mate. Bentham and Hooker (1883) established family
Agavaceae in their classification system and merged Dracenae
with Liliaceae. Engler (1892) included the family Liliaceae
under the order Liliflorae and treated Agavaceae as a sub-
family. However, Wettstein (1901) preferred to classify

Agavaceae as a separate family in Liliflorae. Hutchinson
(1959) maintained Agavales as a separate group under which
he accommodated Agavaceae und Xanthorrhoeaceae. Chmura
(1956) preferred to merge Agavaceae under the order Liliales
and Cronquist (1968) treated Agavaceae under subclass
Lilidae. Dhalgren and Clifford (1982) in their revised classi-
fication for monocotyledons created Liliflorae as a super or-
der which included family Liliaceae under the order Libales.
According to them, the family Agavaceae is further subdi-
vided into two subfamilies, viz., Agavoideae and Yuccoideue.
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The Agavoideae contained the genera Agave, Beschorneria,
Bravoa, Furcraea, Littaea, Manfendra, Polianthes and
Pseudobravoa, whereas Yuccoideae includes Clistoyucca,
Hesperaloe, Hesperocallis, Hesperoyucca, Samulea and
Yucca. Nevertheless, family Agavaceae needs more attention
to resolve its evolutionary status in the plant kingdom. The
agavaceous fossils (pollen and wood) are known as early as
Late Maastrichtian 10 Pliocene (Chmura, 1973; Suc, 1974,
Van Campo & Sivak. 1976; Ambwani, 1982).

MATERIAL AND METHOD

The agavaccous fossil axis was collected by the author
from the Neyveli lignite Mine-1, Neyveli, Tamil Nadu and
preliminary observations were published (Ambwani, 1982).
In the present paper detail anatomy has been carried out un-
der SEM and some more significant observations have been
studied.

For SEM observations transverse and longitudinal sec-
tions of the axis were prepared, and dried under controlled
temperature between 30°-50°C. Then the sections were
mounted on the metallic stub and conducted by applying sil-
ver paint. The specimens were then coated by evaporating
gold/Palladium alloy and studied under scanning electron
microscope (Phillps 505). The accelerating voltage for image
analysis varied from 15 KV to 20 KV.

The fossil axis is dark brown in colour, measures about
4.5 cm long and 2-3 em thick, cylinderical and surrounded by
spirally arranged scars. These scars probably represent both
leaf bases and flower pedicels indicating its being an apical
partof the plant (possibly a part of inflorescence). The central
conducting zone is also visible as a solid core in the axis (Pl.

L. fig. 1).
ANATOMY

Cortex—The cortical zone is well preserved and extends
up to 2-3 mm in thickness. The cells of this zone are slightly
thick-walled usually filled with some organic material. which
are globular in shape and variable size ranging from -4 um.
At some places the parenchymatous cells also contain differ-
ent cell inclusions of complex morphology of unknown na-
ture (P1. 2, figs 5, 6). The cortical zone bears radially running
vascular strands (PI. 1, fig. 2).

Cambium—A layer below the cortical zone probably
belorgs to cambium and does not extend more than 10-15 pm
comprising elongated cells. This layer is responsible for the
demarcation of primary tissue meristem (PTM) and the de-
velopment of secondary tissue meristem (STM) in the stem.
The STM generally helps to add the secondary vascular tis-
sue in growing stems (PL 1, fig. 3).

Primary vascular bundle zone—Primary vascular zone
consists of primary vascular bundles which are amphivasal in
nature. They are irregularly scattered in the central ground
parenchyma (PL. I, figs 2, 4). These bundles usually have pe-
ripherally arranged long overlapping tracheids and vessels
surrounding the central phloem strand (Pl. 1, fig. 5). The xy-
lem includes short parenchymatous cells.

The phloem cells are thin-walled and angular in shape.
Each vascular bundle is surrounded by parenchymatous cells
(P1. 1, fig. 5). The size of the vascular bundles varies {rom 30-
150 um while the length of the tracheids may extend up to 70
pm or more and 10 um wide. The vessel perforation meas-
ures 5 pm and the bordered pits 1-2 pm in diameter (PI. 2,
figs 2, 3). The ground parenchyma cells of this zone are thin-
walled, but sometimes thick-walled cells may be observed,
they invariably bear pits on the walls (Pl. 2, fig. 7).

Secondary vascrlar bundle zone—The secondary vas-
cular bundles are more or less similar to that of primary vas-
cular bundles which are responsible for growth in thickness in
the stem. They are centripetally arranged and provide woody
appearance to the axis. Thus more than 2/3 of the stem com-
prises secondary vascular system. The vascular bundles are
amphivasal where xylem surrounds phloem (PL. I, fig. 6). The
xylem tracheids are well preserved and show spiral. scalariform
and reticulate thickenings (P1. 2, fig. ). However, vessels with
simple perforation end plates are also present (Pl. 2. fig. 3),
walls of the vessels have pitted thickenings, the pits on the
outer side are stimple but on the inner surface are slightly raised
or bear thickening around them (PI. 2, figs 2. 3). These pits
are usually arranged in alternate fashion. Phloem in this zone
is well preserved and seen in the central part of vascular bun-
dles (PL. 1, figs 5, 6).

Fibrous bundles—The fibrous bundles are present gen-
erally in the cortical zone measuring 6-8 pm and comprise
10-20 individual cells (P1. 1, fig. 8).

Crystals—Needle-like crystals, probably calcium oxalate

PLATE 1 e
l. Fossil agavaccous axis showing leaf scars. 5. Vascular bundle in oblique section showing phloem cells (x 000).
2. Cross section of the axis under low power (a part shows the arrangement 6.  Single amphivasal vascular bundle showing phloem in the centre (x
of primary and secondary vascular bundles) x 25, x 50 respectively 1000).
(Pv - Primary vascular bundles, Sv - Secondary vascular bundles, Lt - 7. Part of the vascular bundle enlarged to show vessels and xylem

Leaf traces).
3. Part of the cortex showing cambium (cmb) cells (x 500).
Primary vascular bundles scattered in the central part of axis (x 300).

parenchyma (x 1200).
8. A part with fibre bundle in the cortex (x 750).
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in nature, are seen generally seated in parenchyma cells. How-
ever. they are profusely present in the suberised cells of the
cortical zone. These calcium oxalate crystals are referred as
pseudo-raphides. They may be branched or single. The thick-
ness of crystals varies from 0.5-5.0 pm. The thicker crystals
are broader at the base and become finer towards apex (PI. 2,
figs 8.9).

Other cell inclusions—In the parenchymatous cells of
cortical zone. primary vascular zone as well as secondary vas-
cular zone of the axis different cell inclusions have been ob-
served. They vary from round to elongated bodies. A large
number of sinuate bodies are also seen in the ground
parenchymatous cells (PI. 2. fig. 5). The size of these bodies
varies from I-5 pm (circular type). up to 10 uym (elongated
type) and 10-20 um (sinuate type). However, the exact nature
of these bodies could not be ascertained.

DISCUSSION

Agavaceous plants are found usually as sub-shrub to
shrubs sometimes large shrubs (e.g., Dracena and Yucca). In
their herbaceous habitat the aerial stems develop from the
underground rhizomatous stems and for this habitat they lost
the cambial activity in their secondary vascular system as seen
in most of the dicotyledonous plants. Such stems probably
had adapted the atectostelic characteristic having two or more
whorls of vascular strands. They probably had primitive ves-
sels both in stem as well as root. These primitive vessels had
generally oblique walls with scalariform perforation plates
which, later, in more evolved taxa included vessels with sim-
ple perforation plates.

According to De Mason (1979) a number of
monocotyledonous plants produce secondary growth by means
of a special kind of cambium known by various names but
Clowes (1961) termed it as secondary thickening meristem
(STM). It is a characteristic of Agavaceae (Rudall, 1995),
occurring in all the genera of the family (e.g., Agave, Furcraea,
Bewcarnea, Dasylirion). The secondary tissue meristem
(STM) differentiates from mature primary tissue. Anatomi-
cally the primary vascular bundles are colateral while the sec-
ondary ones are amphivasal in nature (see Tomlinson & Zim-
mermann, 1969). In the present fossil axis though collateral
bundies could not be observed but the continuity of primary
and secondary bundles is noticed (Pl. 1, fig. 2). Zirnmermann
and Tomlinson (1970) concluded that in Dracaena fragrans
and Yicea brevifolia the primary vascular bundles are differ-
entiated only when the shoot elongation is complete.

According to Cheadle and Kosakai (1971), the speciali-
sation of tracheary elements in Agavaceae as a whole is at a
relatively low level. Vessels of any kind seem to be absent in
bulbs, rhizomes, inflorescence axes and leaves. The vessels
identified by them in aerial stem are of only primitive nature.
According to Ayensu (1972), Cheadle (1943) and Wagner
(1977), the most primitive vessel types are considered with
long, narrow and oblique wall perforations with scalariform
perforation plates. Whilst the most advanced ones are short
and broad with a single large circular perforation plate. How-
ever, vessels in the present specimen are comparatively short,
scalariform and pitted with simple perforation plates.
It therefore seems that the plant had already acquired an ad-
vanced anatomical character. It is also observed that the con-
tinuity with the primary vascular system is by means of short
bridges which link with leaf traces; similar pattern in
Agavaceae has been observed by Parthasarathy and Tomlinson
(1967).

The monosulcate pollen recovered from the same speci-
men confirm that the axis is a part of an inflorescence and the
sulcate nature indicates less advanced character
(PL. 2, fig. 10). Calcium oxalate accumulated in several types
of cells in plants may be simple, short, crystals or needle-like
ones (pseudo-raphides). They may also be druce type
bundles or sometimes branched needles (Pl. 2, figs 8, 9).
According to Dahlgren and Clifford (1982) and
Gulliver (1864) the raphides are more common in
monocotyledons than in dicotyledons which are of high taxo-
nomic importance.

It can be presumed that monocotyledons have a close
connection with particular group of dicotyledons and it is very
likely that their ancestors far back were in common with the
ancestors of dicotyledons. It is also evident from the primi-
tive characters which are regarded as ancestral ones. The simi-
larities are found between certain Liliales and Magnoliales of
mono- and dicotyledonous groups respectively. However,
Agavaceae exhibits a more stabilised organisation of typical
characters in the stem, though has not been able to form a true
wood.

Records of agavaceous fossils from the Maastrichtian lead
to presume their origin in the Upper Cretaceous time. The
present find of plant remain along with monosulcate pollen
(cf. Liliacidites) (Pl. 2, fig. 10) further indicates that these
plants were quite established in the Neyveli Formation as also
reported by Ramanujam and Reddy (1984), Siddhanta (1986).
Saxena (1992) and Thanikaimoni ez al. (1984).

PLATE 2 —
| Tracheids showing scalariform thickenings (x 2500). 3. 6. Parenchymatous cells with cell inclusions (x 4000).
2. 3. Section showing vascular pits and end perforation (x 4000). 7. Parenchymatous cells showing pits on wall (with round bodies x 4500).
4 Longitudinal section of vessel wall showing bordered pit with 8, 9. Rhaphide crystals in the cortical zone (x 2000).
1

membrane (x 5000).

<

Monosulcate pollen (cf. Liliacidites sp.) (x 1200).
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ABSTRACT

Tripatht RP. Mishra SN & Sharma BD 1999. Cocos nucifera like petified fruit from the Tertiary of
Amarkantak, M.P., India. Palacobotanist 48(3) : 251-255.

Description is given of a petrified coconut like fruit measuring 13 x 10 x 6 cm collected from the

Tertiary sediments of Amarkantak (M.P.), India. The fruit wall is thick differentiated into a narrow epicarp,
a wide fibrous mesocarp and a sclerosed thick endocarp. Seed coat is 3-4 cells thick, adhered to or free from
the endocarp. The pulp or endosperim ol the seed is made of loosely arranged thin walled parenchyma. This
is the first report of a C. nucifera like petrified fruit from India.

Key-words—Petrified, Coconut. Fruit, Tertiary, India.
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INTRODUCTION

S AHNI (1946) described a palm trunk Palmoxvion
sundaram from the Tertiary of Deccan Intertrappean beds
which has the anatomy of a stem of Cocos nucifera. But, no
petrified fruit of this taxon could be collected so far from In-
dia. Otherwise, also there are not many records of occurrence
of fossil fruits of Cocos {rom India (Mahabale, 1978). Kaul
(1951) reported C. salmii preserved in Fuller's earth from the

Eocene of Kapurdi, Barmer (Rajasthan). Patil and Upadhye
{1984) described a petrified fruitof C. intertrappea from the
Tertiary of Mohgaonkalan, Madhya Pradesh. The present
material closely resembles C. nucifera in shape, size. anatomy
of wall layers and endosperm, and is the first record of a Co-
cos nucifera like petrified fruit from India.

While discussing the origin of coconut, Mahabale (1978)
described the anatomy of three wall layers of the fruit of Co-
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Text-figures 1-6— 1—Cocos nucifera like fruit. Specimen no. SNM/AMR-2. 2— Three wall layers of fruit with seed coat free and adhered. 3— Same.
Enlarged. 4—Same Enlarged. Notc heterogeneous nature of endocarp, free and adhered positions of seed coat with endocarp. 5—Fibres and fibrovascutar
bundles of mesocarp. 6— Outer portion of seed coat with a distinct outer layer of cells.

cos sp., 1.e., epicarp, mesocarp and endocarp and differenti-
ated species of Cocos on this character, e.g., C. nucifera, C.
coronata (Syagrus coronata), C. schizophylla (Arycuriroba

schizophylla), C. plumosa (Arecastrum ramanzoffianum ) and
C. yatay (Butia yaray). Except C. nucifera all others are small
fruits and found in South America.

PLATE 1 SN

Cocos nucifera like fruit. Specimen no. SNM/AMR-2. Note external
morphology of the fruit. x ca 1/2.

fbres. x 60.
A portion of mesocarp and distinct endocarp made up of closely packed

2. Cross section of the fruit showing threc wall layers and the central sclerenchyma. Free seed coat is also seen. x 60.
cavity. x ca 1/2. Endosperm or pulp in peripheral portion is made of elongated cells. x
3. Cross section of pericarp showing epicarp (outerside) with alternat- 300.
ing smaller and larger bundles (cavities) and wide mesocarp with scat- Endosperm central portion made up of loosely packed parenchyma. x
tered bundles and fibres. x 60. 400.
4. Mesocarp with scattered bundles (cavities) and pseudo network of Same, Enlarged. x 800.
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Text-figures 7-9— 7—Cocos nucifera like fruit. C.S. pericarp showing narrow epicarp with alternating two rows of bundles (cavities), wide mesocarp with
bundles and reticulum of fibres and distinet endocarp made up of closely packed sclerosed purenchyma. Seed coat is free from pericarp (EP=Epicuarp. MS=
Mesocarp, EN=Endocarp, S=Sced coat). 8—Elongated cells in peripheral portion of endosperm. 9—Looscly placed cells in central portion ol endosperm.

Note nucleus like structure in some of the cells.

Rigby (1995) described a fruit of C. nurcifera tfrom the
Pliocene of Queensland (Australia) but without internal de-
tails. The present material preserves all anatomical structures
of the wall layers and of endosperm. These are compared with
those of C. intertrappea Patil & Upadhye (1984) and C. nucifera
(Kulkarni. 1965-unpublished; Murray, 1973; Robertson, 1977,
Kulkami & Pandey. 1984; Kulkarni & Mulla, 1997).

DESCRIPTION

Specimen no. SNM/AMR-2 (Text-ligure 1) measures 13
x 10 x 6 cm, oval in shape with an ill-defined third ridge on a
lateral side (PI. 1, fig. 1). The surface has fine longitudinal
striations of fibres ol the epicarp (Text-figure |). The distal
end of the fruit is blunt while the proximal end is obtuse. A
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cross section of the fruit shows a multilayered wall surround-
ing a large, central cavity measuring 6 x 4 ¢cm in size (Pl I,
fig. 2.) The shape of the fruit in cross section looks more or
less biconvex due to pressure exerted during the process of
fossilization. otherwise, it should have been trilobed to circu-
lar in outline.

The wall of the nut is 6-15 mm thick and is differentiated
into three distinct layers, i.e., outer epicarp, middie mesocarp
and inner endocarp (Text-figure 2). Epicarp is narrow, 0.5 to
2 mm wide, consists of fibres and two alternate rows of vas-
cular bundles (PL. 1, fig. 3; Text-figures 3, 7). The outer row
has smaller bundles than those of the inner row. Details of
bundles remain unclear for want of good preservation of tissues
of epicarp.

Mesocarp is wide, 2 to 5 mm thick and consists of fibres
and fibrovascular bundles (PI. 1, figs. 3, 4; Text-figures 5, 7).
The fibres are oriented longitudinally or in little oblique di-
rections giving a false network like appearance (Pl. [, fig. 4;
Text-figures 4, 7). Details of fibrovascular bundles could be
seen only in a few peels/slides (Text-figure 5). The bundles
are of various shapes and sizes (Pl. 1, fig. 4; Text-figure 5).

The third innermost layer of the fruit wall is hard, well
developed, sclerosed layer known as endocarp (Pl. 1, fig. 5;
Text-tigures 4, 7). ltis heterogencous, 0.4 to 1.5 mm thick and
consists of closely packed, tangentially oriented thick walled
sclerosed parenchyma cells. The inner layer is narrower and
has different types of cells. probably fibrovascular bundles
(not clear) (Text-figure 4).

Inside the endocarp, there is a distinct seed coat which
either adheres or is free from the endocarp (PI. 1, fig. 5; Text-
figures 2, 3,4, 7). The seed coat is 40 to 85 wm thick and is
made up of squarish parenchyma arranged in 2-3 rows without
intercellular spaces (Text-figure 6). The pulp or endosperm is
made up of loosely arranged elongated parenchyma (Pl. 1,
fig. 6: Text-figures 4, 8) which measure 75 x 12 to 180 x 24
um in size. Adjacent to the seed coat these cells are oriented
radially and give filament like appearance and are packed little
closely, whereas, in the central portion the cells are vertical to

irregular and are placed loosely (PI. 1, fig. 7). In cross section
the cells are seen circular to irregular in shape with thick or
thin walls. In some of these cells doubtful nuclei like bodies
are also seen (PL. 1, figs 7, 8; Text-figure 9). ‘

The present C. nucifera like fruit differs from all other
known species of Cocos including C. intertrappea of Patil
and Upadhye (1984) in its bigger size and anatomy of peri-
carp (Mahabale, 1978). Epicarp is thin, mesocarp is fibrous
and wide, and endocarp is well developed, hard, heterogeneous
made up of sclerosed parenchyima and fibrovascular bundles.
In external morphology the present material resembles
Queensiand specimens described by Rigby (1995) from the
Pliocene horizon.
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An obituary

Academician Aleksandr Leonidovich YANSHIN
(28" March 1911-9" October 1999)

Academician A.L.Yanshin was born in Smolensk
(Russia) on 28" March 1911. He obtained his master degree
in 1932 from Moscow Geological - Exploration Institute.
Subsequently after qualifying for his Ph.D. in 1937 he was
awarded D.Sc. in 1953, 1n 1958 USSR Academy of Sciences
elected him the full Academician - the highest Academic
position in Russian Academic Society. During early days of
career in prospecting and exploration of mineral deposits he
switched over to regional - tectonic work and came out with
brilliant publications on the principal problems of tectonics
of Asia. In 1966 he hecaded a group of active tectonists and
came out with the classical Tectonic Map of Eurasia on
1:50,00,000 scale. This is an unparallel compilation of data
and geological reference work of Eurasian region and is still
relevant. He worked at different capacities in well known
institutions of Russian Academy of Sciences. During 1956-
58 he headed the Regional Tectonic Laboratory of the
Geological Institute, Moscow. During 1958-1982 he worked
as Deputy Director of Institute of Geology and Geophysics,
Siberian Branch of Academy of Sciences of USSR,
Novosibirsk. From 1982-1988 he was the chief ol Earth
Science Sector or Vice-President of USSR Academy of
Sciences at Moscow. During his tenure he organised the 27"
International Geological Congress at 1984 in Moscow. He was
also the Director of the newly formed Institute of Lithosphere,
Moscow at this time. Since 1988 till his death he continued 1o
work as Adviser to Russian Academy of Sciences Headquarter
at Moscow. At the same time since 1993 he continued to be
the President of Russian Ecological Academy and chaired the
Professor’s post in Ecological Faculty of Russian Friendship
University. Moscow. He reccived many awards in Russia as
well as other countries.

Academician Yanshin was the architect of Indo-Russian
Cooperation in Earth Sciences under the Long Term Indo-
Russian Projects and remained active Coordinator of DST,
Government of India and Indian National Science Academy
(INSA) New-Delhi projects. He was the Principal investigator
in the projects involving Indian and Russian scientists dealing
with the Comparative Geology and Tectonic Frame-work of
Himalaya-Ural-Caucasus and Altai mountains. His last effort
was to guide in formulation of Long Term Indo-Russian
projects with Russian Academy of Sciences, Moscow and
Birbal Sahni Institute of Palaeobotany, Lucknow (Under
Department of Science and Technology, Government of India).
Just before his death he fondly invited the Director, Birbal
Sahni Institute of Palaeobotany, Lucknow, to visit Moscow
and give a final shape to the collaborative project. The fate
turned to be too cruel. Instead the Director BSIP attended his
official funeral on 14" October, 1999 at Russian Academy of
Sciences Main Building at 14, Lininsky Prospect, Moscow.
In his death geological world lost a great scientist, we lost a
great Indophile and [ lost a teacher, personal friend and
visionary of Indo-Russian collaborative projects.

The great humanist, as he was, in the later part of his
career was much more concerned for protection of environment
on our good Earth for human survival and worked for this
noble cause till he breathed his last.

He is survived by wife Mrs. Fidan Yanshina and son
Alexel.
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